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C H A P T E R  I

I INTRODUCTION

1
There . are two famous quotations used about miii-

tary transportation . General Na than Forrest , said in the

Civil  War that his  policy was , “Git thar. firstest with the

mostest . ” Certainly the emphasis on logist ics has grown ,

and the deployment t ime has, gone from months to days.

Winston Churchill  noted the irnportance of logis t ics  when

I he observed , “Victory is the bright-colored f lower;  trans-

I portation is the stem wi thout  wh ich  it could never have

blossomed. ” S 5 

‘
S

I If transportation has gained recognit ion, it has

been in the area of mob ility. Billions of dollars are

I spent for ‘ cargo a i r c r a f t  such as the C-130 , C-14l , and

I the ‘C-5 ; contracts w i t h  a i r l ine.,  under the Civil Reserve

Air  Fleet cost mil l ions more . Yet wi th  all of this  atten-

I t ton , there is still neglect of transportation in the

United States Air Force (Us*p) . Churchill ’s adage is

I still true , but the un glamorous “item ” is not the cargo

I 
airplane; it is th. lowly vehicle .

In the USA?, the mission has always been “to fly

I and f ight .” l.itber activity can be done in a vehicle .

II 1
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Still, the role of vehicles is essential . Many special

I purpose vehicles direct ly support the flying mission . For

example , snow removal equipment is needed to clear runways,

I especially at the northern Strategic Air Command bases.

Refueling vehicles and cargo loaders have similar direct

I effects on the missions . Other vehicles have more pedes-

I trian purposes such as forklifts, buses, trucks, and se-

dans.  , 

.

5

I ~~~~~~~~~ This report examines the orocurement, manage-

merit, and maintenance of USA? vehicles. It is based on

I available data, necessary assumptions, and an objective

I analysis . The requirement for a given vehicle is deter-

mined by the user ’s justification and approved on a judg-

I merit basis ., It is replaced using data that is unselective

and is not based on full cost. Further, a budget decision

I is often made on noneconomic criteria . Vehicles must corn-

I pete with other projects in the Operations and Maintenance

category . A subjective decision is made on which items

I are most important . Frequently vehicle s are not purchased

in a t imely manner .  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I were purchased.  If purchaae compromises are subjectively

I 
made by  t h e  USA? , Congress has shown itself to act even

more capriciously . Decisions appear to be influenced by

I 
S

I :, • ,
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II
5 30 control over a very small number of sedans used by high

II ranking executives.

Once in the USAF inventory, vehicles are main-

II tam ed by the transportation organizations . The basis for

manning of these units is called a ~~rebicle equivalent,”II a subjectively determined measure of repair difficulty .

II Wh ile subjectivity is a questionable manageinen~~~~\.~~
tool, it is an excellent identifier of problems . Morale

II in vehicle maintenance shops is bad because of excessive

overtime ; the amount of delayed maintenance is sometimes

El high ; mechanics , especially military members who receive S

no additiorial pay, often . work extensive overtime ; and the
U quality of the maintenance is poor .

II Certa inly the above observations are subject to

criticism. Many units are well manned , and work on an up-

fl to-date, well maintained fleet; but the pervasiveness of

II the problems suggests systematic faults in total manage s

ment of USA? vehicles . This system includes Congre.~s,

II General Services Administration , Headquarters USA?; U.S.

Army, Air Force Logistics Command (AFLC), Management En- S

gineering, and base-level supply and transportation units. S

The central theme that connects these activities

LI is the effect of maintenance. The present system raises

obvious general questions: S

El
‘-5,., ____________
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A. If vehicles are the same make, does the learning

II curve improve maintenance , reduce parts inven-

tories , and reduce training time? 
-

II B. Does a ‘vehicle w ith more age or mileage require

moi~e maintenance? 
‘ 

S S

fi C. Does geography or weather affect maintenance? Ii’

a D. Is operator care better on newer vehicles?

E. Are some makes easier to maintain than others?

The answer to many of the above questions may

seem apparent, but intuition is not sufficient . When pur-

U chasing new vehicles , a. procurement official needs informa-

tion. A trade-ofT between initial cost and follow-on

Ii operating and maintenance costs requires information if a

II low, total system cost is to be used as a purchase en-

tenia. Similarly, decisions on when to replace vehicles 1’

II must consider the manpower effect of retention . The ac- [
tual level of manning ata given b’ase can be affected by

II the distribution of types and conditions. If the manning ‘

level is inaccurate , morale and level of main tenance  are

degraded . Current measures of maintenance costs indicate S

- II the number of hours worked , but the actual quality of the

work, or the work left undone, is not often shown. The

II result, in the long run, is reduced economic life and

eventual increased procurement requirements.

II
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I The situation , then , is “you ’ can pay now , or pay

I later.” The research question is to determine the most

important operating cost, manpower , in relation to the

j  vehicle fleet. In order for Congress and vehicle manage-

meat experts to make informed decisions , the impact of

I changes in the vehicle fleet on maintenance manpower must

_ be known. The premise of this study is that the current

manoower standard is insensitive to fleet changes , and has

caused distortions in orocurement, retention, manning, and

the actual ca~abtlity of the fleet to oerform its intended

mission.

The current manpower standard is a weighted Lao- 
S

- ‘ I tor based on a subjective evaluation of the degree of dif-

II ficulty in maintai ning a vehicle of that type. For exam-

ple , a light sedan iS coded “B104” and’ has a “vehicle

II equivalent ” ot 1. Whethe r it is a Chevrolet or Pond , new

S 
or ten yCars old, lightly used or driven continuously,

does not change the factor . -

I Us ing regression analysis, several condition

factors were used to determine if they were related to

I manpower use.

The research plan was designed to use existing

data . The vehicle condition data were readily available

I
S T
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I through the Vehicle Integrated Management System (VIMS).

II Unlike a norma l management engineering survey, another

method had to be found for a measure of manpower. Instead S

II of a subjective--although expertr-work sample, the man- 
S

power measurement was the time recorded on work orders by

II t’ebicle in 1975. Of course , to be accurate , additional

time for cleanup, breaks, supervision , and training would

have to be added to this direct measurement .

The intent was to find a method that would re-

quire little manpower or computer programming effort . At

the same time , the method .would have to sh.ow the effects

of fleet composition change . The primary drawback of the
U current standard is that it is so inflexible. It is p08-

II sible that the present standards were accurate when they

were first developed, but time and procurement actions

II have changed the fleet, and changed the maintenance re-

qu irement . Any new standard must be capable of periodic

change . For example, if the fleet were composed entirely

II of three-year-old pickup trucks, there would be one stan-

dard . If few or no new trucks were purchased for two

II years, the maintenance requirement would be different for

a fleet of five-year-old vehicles. With an easily updated

Li manpower standard , the vehicle managers wo~.ild tell in ad-

vance the effects of procurement or retention decisions .

II
5 5 
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LI With the cooperation of Systems Command and

fl Training Command , all vehicles at their bases were avail-

able for the sample . While numerically sufficient, the

untqu situations in adverse geographical or climatic con- 
S

I

ditiona could not be evaluated. Neither could the effects

U of a foreign national workforce at overseas locations be

determined.

Li It is clear that the current standard , vehicle

U equivalents, is a poor predictor of manpower requirements.

Indeed, a precondition for success of this standard is a

jj fleet with unchanging composition and equal distribution. 
S

For example, if a geographical area is given new vehicles,

U the maintenance requirement is reduced , while the number

F of vehicle equivalents remains the same .

It would be gratifying to report a new standard

F that would accurately predict manpower requirements. Dc-

r spite various variables, and combinations thereof, and the

I. testin g of many curvilinear models, there was no extremely

II well-fitting factor found. The best variable tested was

th. amount of hours or mile s driven in the preceding year .

II While within USA? statistical suitability limits , it must

be reluctantly concluded that the maintenance manpower re-II qu irements depend on a w ide var iety of factors , and no

II
II ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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single dleterminant, or coab instion of determinants, can

I predict needs for every vehicle type, in any condition , in

any location .

I As an agg regate measur e, thou~b , this tailored-

to-type system is mor e useful, and easier to update than

I the old system. It also has the advantage of being much

ft more accurate than the current standard . j .

U The advantages and limitations of this approach

will be explored in detail as vehicle management, manpower

determination, and procurement are integrated in this

II report. 
S 

,
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I
C H A P T E R  .1 1

I USA? VEHICLE MA NAGEMENT

I
Vehicle management in the USA? is a bewildering

I array of conflicting organizations and functional areas

within organizations. Before describing the relation-

U ships of the current procedures, a brief history of we-

ll hid e management - will be useful in understanding the devel-

opment of system as it has finally evolved .

II When the USAF separated from the Army, follow-

trig World War II , there was a change in emphasis in vehicle

I policy . The vehicle was riot a direct, integral part of

I a weapon system . From 1947-1950, the pr ime management

agency was Headquarters, A ir Material Command (ANC),

I whose prime function was to dispose of excesses. At the

newly formed Hq USA?, vehicle maintenance was subordinated
I I SI

I to aircraft maintenance .

I Later , management responsibilitie s were decen-

tra lized to the Warner Robbins A ir Mater ial Area (WRA K A ) .

I The Korean War intervened , arid a comprehensive vehicle

II SI

II 9

II
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10I policy was not produced.1 Still, this was an effort to

look at vehicles as a system rather than just another

p iece of equ ipment , like a typewriter or desk.

II In 1954, management waB further decentralized ,

and the 2709th Vehicle Control Group was established , with 
S

El final authority on all vehicle actions. Inspections and

detailed inventories were made on a worldwide basis.  New
I

information and rep orting systems wer e d ev eloped , with.

U aut horizations , assets , and requirement s being computed

with a more credible methodology . ‘ In fact, the creation

El of credibility was one of the prim e reasons for the in-

creased emphasis on vehicles. In 1954, Congress had criti-

‘cized the program , and’ refused to authorize funding for

[j any vehicles. 2

S Despite the success of this intensive manage -

LI meat , an economy action caused the 2709th Gp to be dis-

U 
banded in 1964, with the functions again being placed with

WRAMA , although this time a Vehicle Inventory Management

~~ll 1lCeitb E. Burres and Michael H. Smith , “An Analy-
S fl sis of the Need for Specialized Management of the Air

II Force Special Purpose Vehicle Fleet ” (Master’s thesis,
Air Force Inst itut e of Technology , 1975) , p. 42.

I

~~~~~~~~~~~~~~~~~~~~~~~~~
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LI Division was created. In 1972 , this entity was consoli-

[1 dated with the Aircraft Accessories Division . Although

spec ial program s or congressional interest sparks activity ,

U the net result of continued subordination and consolida-

tion has been a deemph asis on management . The VehicleIII Integrated Mana gem ent Sy stem has enabled the collect ion

~I 
of vast amoun ts of raw data , but there is no. central action

agency in the USA? to manage the fleet.3

S U Concurrent with vehicle management , the responsi-

- 
bility for the program has been varied at headquarters

Li levels. The Directorate of Supply is in charge of asset

control and reporting. This is a function of matching

requirement s with assets. Maintenance of vehicles was

the responsibility of the Aircraft Maintenance Directorate

until 1969, and has been in the Directorate of Transpor-

III tation ever since. The classic argument over control is

evident in the continuing debat e over where vehicle main-

U tenance belongs in the organization. Aircraft maintenance

tends to be a funct ional argumen t, saying the skills are

similar , such as the methodology of periodic inspections ,

qual ity control , scheduling, and training. It is t rue

3Ibid., p. 45.

II
~II
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12El 
- t hat scm. vehicles, such as start carts or aircraft tow-

n 

ing tractor8, are treated as support equipment , and re-

paired by aircraft maintenance squadrons. The opposing

LI argument is that transportation is a system . Coordina- 
S

tion between operations and scheduling can produce effi- S

El cienciee. Control over licensing can affect vehicle abuse

a or misuse , which can affect maintenance. Influence over

dispatch , supplemental renting , and rotation also has main-

U tenance

The timing and amount of vehicle procurement

El can produce maintenance effects through keeping vehicles

fl too long, or keeping numbers so small that vehicles are

worn out quickly . Congress has the major influence , since

El they have ultimate funding control. In the actual buy -

ing, though , the responsibility for making purchases is

fragmented. Formerly , USA? vehicle purchases were made

U 
through the Army Tank Autom otive Center. This had many

problems , such as different reporting systems and limited

LI buys . The result was that the USA? usually was the last

to obtain a buy ; flexibility was lost on making changes 
S

II to the original specification s , or destinations;  t he trans-

portation cost was somewhat higher than General Services

I 5

’
,
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I Administration’s (GSA), and intereervice rivalry was Bus- 

13

I pected.4 The system did have the advantage that the Army

ha d the capa bility to extensively test vehicles.

I The present system has WRAMA (now called Warner

Robb~ns Air Logistics Center--WRALC ) buying a few special-

I ized types of vehicles such as:

1. Fire trucks

U 2. Runway sweepers

II 3. Aircraft loaders

4. Refuel.rs.5

III The De fens e Cons truct ion Supply Center buys

U 
snow-removal equipment . The Army continues to buy other

vehicles with a gross weight over 8,000 lbs., such as bull-

U dozers or cranes. This fragmentation has serious conse-

quences. The Army delays purchase until it can make an

El economical buy. Since these types of vehicles already

have a long lead time , a base has a great deal of uncer-

U ta inty whether it should c ontinue waiting , or make a time-

consum ing, expensive repair job.

fi 4fl.etcbez B. Porter, “The USA? Vehicle Procure-
U merit Progra (Master ’s thesis , Air Force Inst itute of S

Technology , 1964), p. 13.

El tmBurres , et al , p. 59.

lbid., p. 63. 5

II
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The remainder of the vehicles are now bought

I by the General 8ervices Agenc~~(GSA). This gives benefits,

especially in responsiveness and lower costs. It still

I has a major drawback in that GSA ’s policy of purchasing S

on the basis of lowest cost considers only the initial S

I price. 
*

u With this brief historical background as a frame-

work , the. present system will be considered in detail. A S

El description of the vehicle fleet is necessary. A vehicle

can be a military design or commercial design , although

II many manufacturers and parts are the same. Vehicles can

El also be classified as to construction , materials handling,

special purpose , and general purpose.  Exhibit A gives a

U breakout of the composition of the fleet. Table 1 shows

S 
a functional breakout of the fleet since 1956. It depicts

~fl a steady decline in numbers , corresponding with a reduc-

U 
tion in personnel strength over this period from 909,958

to 584,O7l.~ This change has, two effects. First , the 
-

‘

U composition changes over time . The percentage of the

fleet in the harder-to-maintain special purpose category

U has increased. Second , there is a tendency to let excesses

“An A ir Force Almanac ,” Air Force , May 1976,
p. 132.

II
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DEPARTMENT OP THE AIR PORCE VEHICULAR EQUIPMENT INVENTORIES

Vehicle Category

n I.

ii — .
4,

Oil 0 0
O i l  i. .43~~ .43

S 04) ~4q4 450  4 5 4 )  0 5

0.0 o~0. 0.~~.

1956 16,224 112,070 39,215 3 471 24,846 14.103 209,929
1967 16,731 93,825 37,059 3,423 23,12e 13,376 187 ,542

fl 1958 14,488 68,273 31,140 3,316 18,280 10,899 146,396
1959 14,910 67,~~9 31,449 2,754 16,718 , 9,885 143,555
1960 14,229 58,665 - 29,102 2,503 15,932 9,784 130,215
1961 16,069 63,535 28,239 2,496 14,393 9,207 133,929

r—i 1Q62 14,065 63,921 27,708 1.633 13,205 8,575 129,347
I I 1963 15,456 67,590 23,175 2,357 12,595 9,317 130,490
U 1964 14,860 61,590 22,382 2,678 12,729 8,817 123,056

1965 14,713 64,795 21,822 2 ,978 14,957 8,102 127 ,367
1966 15,239 70,013 23,895 2,678 16,535 7,955 136,315

[1 1967 16,572 69,511 23,325 2,779 15,032 9,308 136,527
I I  1968 15,378 73,047 22 ,354 2,923 15,029 10,036 138,767

1969 14,536 68,306 17,939 2,73i 12,339 14,879 130,730
1970 14,149 60,852 19,674 2,681 11,628 14,221 123,185
1971 12,736 54,788 18,374 2,502 10,612 12,962 111,974

II  1972 11,850 52 .300 17, 929 2,400 10,197 12,328 107,004
LI 1973 11,094 49,980 17.536 2 ,339 9,788 11,990 102.727

1974 8,804 46,207 16.560 2 ,252 . 9,060 11,351 94,234
1975 11,094 49,980 17,536 2 ,339 9,788 11,990 102,727

[1 1976 8,374 47,099 16,653 2 ,206 9,318 11,254 94,904

SOURcES? Pliteher B. Porter, ‘The 98AP Vehicle Procurement Program” (Master ’s

fl thesis, Air Force Institute of Technology, 1964~ , p.4, and Larry L.
Ling, USAP G•n*ral Pprpos. Vehicle ~~y Program ( professiona l StUd7, SAir War College, 1976), p. 26 .
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satisfy requirements rather than purchasing new vehicles.

fi tven so, Exhibit B shows that procurement has not kept

up in recent years to the extent that assets are less than

II authorizations. Further, the Vietnam War caused many

newer vehicles to be’ shipped to Southeast Asia, where they 
S

II were worn out through hard usage, destroyed , given to al-

a lies, or become uneconomical to transport back to the

United States.

Congress has been increasing absolute funding in

dollars , and , as Exhibit C shows, the amount of funding is

El expected to increase . However, inflation has decreased

0 
the purchasing power to 65 percent in this program since

1966. A 1/2-ton pickup cost,$l,600 in 1966; $3,700 in

1975; and is programmed to cost $4,500 in FT l977. A com-

parison of inventory and replacement values in Table 2

shows the increase in price per unit . Despite an increase

in funding level, inflation prevents a fufl. procurement of

required vehicles. This means that those on hand must

II serve beyond their projected life span , or units with

valid needs must do without vehicles. One indication of the

II _ _ _ _  S

Larry L. ling , “USAF General Purpose Vehicle

II Buy Program ” (Profess ional .Study, Air War College, 1976),
p. 43.

II 
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TABLE 2 S

S [] VEHICLE R PLACEME~1~ COST

U Tear Vehicles Replacement Cost Cost/Unit

U 1969 ‘ 130,490 $ 826.4 million * 6,333
a

1973 102,727 926.0 million

U 1976 97,904 1,320.3 million ~3,912
C 

S

H SOURCES: 8Fletoher B. Porter, “The USA? Vehicle Procurement Programs”
(Master ’s thesis, Air Force Institute of Techno1o~ r, 1964),

‘ 11 p . 3.
LI bErcst R. Karsten and Larry T. McDaniel , “Suggested Method s

for Implementation of Life Cycle Costing Techniques in the S

Procurement of Air Force General Purpose Commercial Ve-
U hid es” (Master’s thesis, Air Force Institute of Technology,

1974), p. 1.

II CLarry L. King, “USAF General Purpose Vehicle Buy Program” -:

(Professional Study, Air War College, 1976), p. 1.
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(II extent of vehicles being uneconomically retained is con -

a dition codes. Table 3 shows the codes. One study pro-

vides a good summary of how these codes are used .

Air Force manual 77-1 provides general guidanc e re-
lating to normal replacement of government vehicles ,

j
~ 

but the principle guidance is more adequately pro-
vided in T. 0. 00-25-249, Maximum ReQair Allowances ,
RepLiacement Codes , and Priority Buy for USAF Vehicles.

LI This publication prescribes the procedures to be f~I~loved for determining whether a vehicle is eligible
for repair or disposal and how it should be coded 

S

for replacement programming . It provides policy, 
S

guidance , and procedures to avoid unnecessary ex-
penditures of funds for vehicle repair. This es-
sential guidance greatly simplifies the criteria

f t  for replacing the vehicle fleet . The key elements

U identified in the document are entered into the Reg- 
S

istered Equipment Management System (REMS) and are
compared with VIMS data to identify an inventory

[j errors in either or both systems. When required ,
repairs on a vehicle are based upon the max imum one

~ time repair allowance. This is established by con-
sidering the miles accumulated ~i the vehicle or theage and establishing an amount which can be expended.
At bases where the maximum one time repair allowance
is not automated through sophisticated system pro-

LI gram s, manual computations are formulated using the
following computations:

11 AGE C OMPUTATION =

U Standard Price X Years Remaining
Life Expectancy Years

II MILEAGE COMPUTATION -

Standard Price x Remaining Mileage

fi Lif~e Ex pectanc y Mileage

The repair allowance should be less than 10 percent
of the standard price of a replac ement vehicle. Au-

fi thority for minor repairs rests with the Base Com-
Li mander , who normally delegates this function to the

II
0
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U

VEHICLE REPLACEMEN T CODES :

I] A--Age, Miles, and One Time Repair. Li fe expectance years
and mile. have been reached or exceeded and repair esti-

S 
mate exceeds the one time repair allowance.

U B--Age and One Time Repair. Life expectancy years have
been reached or exceeded and repair estimate exceeds
the one time repair allowance.

II C--Miles and One Time Repair. Life expectancy miles have
been reached or exceeded and repair estimate exceeds
the one time repair allowance. 

S

15  D--One Time Repair. Repair estimate exceeds one time re-
5 

pair allowance.

0--Age and Miles. Life expectancy years and miles have
been reached or exceeded.

~ LI H--Age. Life expectancy years have been- reached or cx-
ceeded.

J--Ki1es.~ Life expectancy miles have been reached or cx-
ceeded .

IJ K--Age and Miles , One Year. Life expectancy years and
‘ miles will be reached in one year.

L--Age, One Year. Life expectancy years will be reached[1 in one year.

N--Miles, One Year. Life expectancy miles will be reachedII - in one year.

N--Age and Miles, Two Years. Life expectancy years and 5
,.

I miles will be reached in two years,

P--Age, Two Years. Life expectancy years will be reached

I in two years.

Q--Miles, Two Years. Life expectancy years will be reached
in two years. S

S I ~~~~
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11 TABLE 3 (cont.)

I?EHICLE REPLAC EMENT CODES
U • I

R--Midrange . Wil]. be used when a vehicle has reached its

U midlife cycle. S

8--Depot . Will be used for 48 months after depot repair. JU T--Al-l Other. Will be used when other codes do not apply.

El U--Warranty. Will be used when a vehicle is still under
the manufacturers ’ warranty. R & A -will input and re- S

move this code from the vehicle’s master record by a
(CC) transaction.

SOURCE: U .S. Department of the Air Force, Maximum Repair S

LI Allowances, Replacement Codes, and Priority Buy
for USA? Vehic]es. T.O. 00-25-249, 1 November
1974, pp. 5-1, 5-2.

LI
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Vehicle Maintenance Officer. Major repairs must be
approved by the Major Command (MAJCOM) unless the
Command has redelegated this authority to the Base
Commander. When a vehicle exceeds the age , mileage
expectancy, and the maximum one time repair allowance, 

S

the vehicle is disposed of in accordanc e wit h routine
disposition instructions. S

14 Another significant REMS reporting item which
must be addressed is the vehicle replacement code.

U This code system was deve1o~ed to provide timely pro-
gramming for new vehicles . The codes are alphabeti-
cal indicators and range from the le t t e r s  U through 

S

El A. Each letter indicates the general condition of
the vehicle and , as the code digresses from U to A ,
it represents varying degrees of vehicle status.

El For exam ple: Code U is assigned to a new vehicle
which is under the manufacturer ’s warranty. Code A I ~S means that the vehicle has either reached or has cx-
ceeded the life, expectancy in years and miles , and
that the repair estimate exceeds the max imum one time
repair allowance. The WRALC (formerly WRAMA) (MMu)
monitors all such codes-, but increased interest is

fl applied on those with codes A-N. The N coding sym-
bolizee that the max imum life expectancy and miles
are forecasted to be reached within two years. This
two year indicator is used extensively in estimatingII the fu tu re  vehicle buy requirem ents . 9

II Appendix A gives a review of the current status of the 
S

fleet by these codes.

I The data used for these codes are not permanent .

The life expectancy obviously effects which code a vehicle S

I will acquire , and therefore when it will be replaced. Dc-

I partment of Defense Instruction 4150.4, Rep lacement and

Repa ir Guidance and Life Expectancies for C ommercial Type

I
King , pp. 17-19.

I
I
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I II Vehicles was a guide , but recent changes ti USA? Technical

Order 36-A-l-70, Maximum Repair Allowance for USA? Vehi-

d e s , show that the number of years , mile s , or hours a

vehicle should last can vary.10 The basis for such changes S

is not clear. Many attempts have been made to produc e 
S111 an algorithm that establishes the point when a vehicle

should be replaced. An Army study noted:

When life expectancy is utilized , equipment isLI removed from the inventory, at the end of its speci-
fied lifetime , regardless of condition . In real S

life , equipment doe s not wear out in this fashion ;LI the physical environment , usage , and quality of main- S

tenance are weighty factors àontributing to its con-
dition at the end of its preestablished paper life-
time.

{i The requirement s model uses the data generated
from the effective life model as one of its basic

- 
inputs. Previously the effective life model has been
used to determine average equipment lifetime , whereas

U the present study uses the model to determine the
S distribution of effective life as the base for wear-

fl S ‘ out rates as well as determining average liftime.
U Knowledge of average lifetime has been utilized as

a base for maintenance , overhaul , and rebuild poli-

U 
cies; t.o improve parts management ; and to forecast
maintenance workloads. It is true that an estimate
of replacement requirement s may be made from knowl-
edge of average equipment lifetime . Given an equip-El ment lifetime of five years, one would expect to re-
place one-fifth of the inventory each year. However,
this  straight-forward approach has drawbacks. For

H this figure to be truly indicative of the require-
ment , the inventory age distribution must be stable

II
10Ibid .

El
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I - from year to year. This implies two things--that 

28

the  item has been in the  inventory for enough years
S to establish a stable ‘age distribution and that the

I indicated requirement., is procured and introduced into S

the inventory each year to guarantee continued sta-
bility. Many factors in the real world prevent the

fl achievement of a stable age distribution. The ached- S
U ule for new model introduction into the inventory S

S may delay the point of stability. Activation of new
units with their equipment may unbalance the age dis-

H tribution. Budget and procurement restriction s may
be such that’ replacements are not available when
needed , thus5 distorting the age distribution. A S

Ii model may not be in the Army inventory long enough
11 to reach stability even with optimum introduction

- and replacement ‘of equipment . During the first few

U years after introduction of a new model , replac ement
will be required only for those items accidentally
lost. Thus , som e time ’ must  elapse befor e the replace-

El ment quantity derived from the average lifetime will
be accurate. For these reasons , replacement require -
ments based on average lifetime are unsatisfactory. 11

Ei~’tbit D, from the Army Study, is a good example of one S

[j 
of the variations on a theme , where each period ’s cost

is compared to the previous period ’s cost. The acquisi-

Li tion cost divided by the number of periods can be thought

of as depreciation. This cost should decrease with age.

Eli At the same time , maintenanc e cost should increase. At

some point , a minimum should ’ be . reached , at which time

II 11Virginia W. Perry , Joseph A. Dodge , L. Dean
Possum , A. Eugene Havens , and Marion R. Hom es, “A Replace-
ment Requirement Method ology for Procurement of Army Equip-

II ment” (U.S. Army Study , 1967), pp. 26-27.

I S

I
I
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I] 
___AVERA~~ O~~T-UJZCTIVENESS PER ufl’mzWAL

LI S AFTER SUCCESSIVE INL’IR’IALS OF t~E

A + C
U

LI
3. I 2 - ~~2 z + T + c 2

[I E2 =i~~~~q1 +

LI S3 =~~~[5 q3.
3 2~~~ 3 5 2  

3]

El ~~~ ~~~ ~~~~~~~~~~ 
( f l (~~~~l) 

~~~~~ 
k)]

E = Average cost-effectiveness per interval after a intervals of use.

II A = Item acquisition cost.

C1 Total maintenance cost in interval i.

II q1 — Effectiveness in interval 1.

SOURCE: Virginia V. Perry, Joseph A. Dodge, L. Dean Possum, A. S

Eugene Havens, and Merion R. Hom es, “A Replacement Require-
fl meat Methodology for Procurement of Ar~ r Equipment ” (U.S •
Li Ars~r Study, 1967), p. 9a.
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.1 the vehicles should be replaced . The difficulty with’ 

28

a model such as this one is that effectiveness is hard
II - .• ..~~ ,:

‘
~~~~~;: S

u to measure. Further, the acquisition cost must be adjusted

for price changes , and replacement cost is used instead .

In a period of high inflation, the model loses some va-

II lidity. The maintenance cost is also affected by infla-

tionary wage increases , and assumes that there is no cost

in term s of morale , quality , or training .

El Another study using a similar model tried to

S 
identify the maintenance cost as related to direct labor

hours .  Lt. Col. Lawrence Hart stated , in part ,

‘0 In the development of the model , it was noted
that it was not possible to identify the personnel S

function in relation to the age of the supported ye- 
S

U hid es. This feature apparently has not received
consideration because of the institutional constraints
of the military personnel system. However , in view
of the drastic changes which are indicated by the -~

Ii mod el’s solution if theme were to be very minor mod - -

ifications of the discount rate, it is believed that

U 
some investigating of the possible effects of a van - 

-

able personnel rate as a function of the age of the
vehicle should be made . Although the criteria manual
is not specified in terms of an average age of the - S

.

fi vehicles , it is obviou s that som e average age must
U have been imputed in the development of these allow-

S ances. For it- is clear that it will take more per-
sonne3. to maintain and repair a tea year old vehicle - .U than one only one year old. . .

The modificat ion to the per sonnel funct ion, a].-
lowing the number of personnel to vary with the age

II of the equipment~ shows that theme is a strong poseII sibility that there should be a drastic revision in

I 
HS

I 
- 

- S 
- ~, 

U
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29 HI the replacement policies. . . . As would be expec ted
the major influence was shown by the maintenanc e

I function. . . . S

- The dramatic change produced by the modifica-
tion to the personnel function to attempt to account
for the age of the equipment indicates that a seriousI investigation of this feature should be coaducted.~~

2

I Replacement is not the only way a new vehicle

requirement can be generated. Due to changes in mission

or location , an organization could develop a new authori-

zation. Table of Allowance 010 gives guidance on how many

I vehicles an organization should need by type .’3 This level

i is in the flature of a maximum , and the number of authori-

zations in TA 010 must  be requested and approved sepa-

I rat ely. One study done -on pickup trucks attempted to use

regression analysis to determine if there was a relation-

I ship between a functional  organization and the number of

I trucks needed . For instance , in transportation squadrons

regr ession was done on mileage , number of dispatches , size

I of base population , and other variables versus the number

I ‘2Lawrence P. Hart , “A Replacement Model for 
S

Equipment with a Constant Operating Requirement : A Solu-

I tion to a Department of Defense Allocation Problem by
Tactical Military Vehicles ” (Master ’s thesis, Univers ity
of Maryland , 1969), pp. 26-27. 

‘

I 13u. S , Departae f the Air Force , Table of
Allowances: Vehicles , T/A 0 1973.

i -
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I of pickup trucks actually used. This was done for many S

I ditferent organizations. The result of 228 regression

analyses did not ‘indicate a s ignif icant  degree of rela-

I tionship between the variables and the number of vehicles

authorized except in one minor , case.14 This seem s to in-

I validate the table of allowances , and implies that authori-

zations are based on the user ’s opinion. Thus, a dcci-

sion to purchase a new vehicle against a new authoriza-

II tion is based on the ability of the user to write a suf- S

ficiently convincing justific ation , and have it approved

II on a subjective basis as-the request (A? Form 601A) goes

through supply channels , where the final decision is made S

LI at the Major Command Equipment Management Office (CEM0).

II The’ result is that a maintenanc e shop at one

base may have a larger fleet of relatively underutilized

II vehicles than one at another base with the identical mis -

sian and conditions. If the maintenance manning is based

11 . 

S

entirely on numbers , with no regard to degree of usage ,

II there will be a differenc e in the number o.f mechanics as-

signed , although the workload may be ‘ similar. Consider

II ‘ S S

~
4Donald H. Haraidson, “Analysis of Unite d States

II Air ?orce Authori zation Criteria for Pickup Trucks “ (Has-
U tar ’s thesis , Air Force Institute of Technology , 1966),

p. 37.

II
II ~~~~~~~~~~~~~~~~~~~~
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II the position of the transportation squadron commander

II at base level . As the organization with the largest re-

quirement, for vehicles , he is in the position to improve

U maintenanc e manning by obtaining additional unneeded ye-

hid es. The only limitation is the generous TA 010 stan-

U dard , and his own persuasiveness.

11 The current system of’ ‘vehicle management is an S

Ii integration of replacement and new requirements. The 
S

U organizations involved before any procurement action is

taken include five levels: Base , Major Command (MAJC OM),

jj Warner Robbins Air Logistic Center (WRALC), Hq AFLC and

Hq USAF.

U The base has physical control, and record keep -

H ing responsibilities. The transportation squadron is

tasked with vehicle operations , maintenance , and record

El keeping related to maintenance , The Chief of Supply ,

through the’ Registered Equipment Management System (REMS) 
S

Ii administered by the Equipment Management Office (EMO),

II takes care of vehicle authorizations , and actual control

of vehicles issued to organizations throughout the base.

The RIMS is a computerized record keeper , which includes

the replacement codes. The transportation squadron ,

II through the Reports and Analysis Branch , provides

II
I

~~~~~~~~~~ 
,~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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5 32 1U information needed to update the REMS system . Exhibit E

II shows the relationship.

The MAJCOM ‘responsibilities match those of the

El base level. The prime tasks are disposition of command

H 
assets (although WRALC can do this, also), and record keep- 

S

-

ing consolidation . The latter task is needed when sub-

mitting command priority lists for a buy. This document S

is used by WRALC for budgeting and buying vehicles , and S

U for distributing new assets. The MAJCOMS prepare these

lists using the new authorizations and replacement codeIII data. It is broken out into five increment s, by impor-

tance. This priority listing is recognition that not all S

of the request funds will be forthcoming. It is note-

[J worthy that there is no opportunity for an input of the 
S

opportunity cost in maintenance of not receiving needed

II vehicles. The relationship between the base level and

1 the MAJC OM is shown in Exhibit F.

U The next level is perhaps the most significant

II to vehicle management . WRALC , through the Accessories

and Vehicle Inventory Management Division (MMu), is the

II center of the process. Using HEMS data and the command

priority lists, MMU forecasts and budgets new vehicle

11 purchases. It can also affect the amount of purchases 
S

II
II
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EXHIBIT E

I AGENCIES INVOLVED IN VEHICLE ASSET CONTROL AT BASE LEVEL

I Base C~~ mnder

I ’  I

I * Chief of * Chief of *Supp~y Transpor~ation

I I I I 15 5 I I I
* * * E*~ . Vehicle --- Reports/

,~..
-i Maint . ---- Ana lysis

S 

S 
, Branch

S - A l

I
I ’

S - “~ 
Comand and Control

I — — — — — Daily Worki ng Functiona l Rel ati onships

I *Other functions woul d be included in a more detai l ed organi zational
chart. S

I -

SOURCE: Keith E. Burres and Michael H. Smith, “An Analysis of the
Need for Specialized Managenent of the Air Force SpecialI Purpose Vehicle Fleets TM Master ’s thesis, Air Force Insti-
tute of Technology, 1973/, p. 47.
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1 Base
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- of Supply

I 
-

~~~~~~~~~~~~ * 
. .L~f~shicle

_ }...

I Vehicle.JNainte- S -

1 1~~
A .4 Director

S “ L’~ 
Trans . -~

- j Report.,’
1 Analysis , *

...[Tranlpox1
t~tition 

~~~ 
-~~~~~ *

I Plow of Vehicle Codes 5

5~~dj tj~~~l functions would be included in a sore detailed organisation chart .

ft SOURCE Keith S. Burres and Aichsel H. Saith, “ An Analysis of the Need for bps-
cislis.d Managssent of the Air Pores Special Purpose Vehicle Plest TM

(Master ’s thesis Air Pore. Institute of Te.hnolo~y, 1973), p . 49.
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U through distribution actions. This applies to both old 
S

and new vehicles . As the agency with -information on both

surpluses and deficiencies , MMII is in position to direct 
-

~

U movement of assets from ’ c ommand to command . The mainte- 
S

nance im pact of sending older vehicles to a base to satisfy 
S

El their requirements is apparent. MMU can authorize modi- S

[1 - fications to vehicles , depot overhaul , and has a capa-

U bility to solve material deficiency problems. These ac-

tions keep older vehicles useful for a longer period .

MMII coordinates the final buy list with Hq AFLC and Hq

11 USAF. It processes the purchase requests to the GSA for S

S 

general purpose vehicles , and makes modif icat ions  to the

Li requests as feedback is received on cost. Eventually,

H it issues shipping instructions , notifies commands , and S

assigns serial numbers. It should be apparent that the

replacement codes are the driving force behind these ac-

U 
t ions.  Exhibit G shows the flow of information of these S

codes. MMU obviously spends a great deal of effort in

U analysing the fleet in term s of these codes , since the 
S

budget process requires replacement decisions two years S

LI in advance of theTheød for a physical replacement . Be-

cause of this analysis , the development of vehicle equi-

valents is mad e at this level. The assignment of these S

n S~~~~~~~~~~~~~~~~~~5~ S S
, 
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I I
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ll 
~~HI~~T G

I] PLOW DIAGRAM OP VEHICLE BEFLACDISIIT CODES

Li Base )IAJCON VRALC (*ic )

I] 
______ — 

I r~~~~~~~ 

[.i
i~~~~~~~~

:r I
U (-~~fls. h ~~~~~~~~~ ~~~~ Truck• L * , 

1tj on 
~ ___________ 

Manager

Ii !Report s/ 1 - * I
lAnalysis I 

_______________

11 Ij Piskup
Ii P1 Truck

* t 1M a nager

11 5
U S ** 

Plow of Replac ement Codes ~4All Other S

H - Vehicle
U *Additionsl functions would be included in a sore nagerl ,

detailed organiutionsl chert. S • S.
*SJot. : The 5 bloeks under the DI .t WULC are merely

fi rsprsssntative of the many typ.. of vehicles which the
Ii IN ’ s manage . S -•

aOijBGi: ~.i th H. Ha ,; a4 XLcb ,2 ~~. mlth . “ in An~1ys1s ef the Heel fee Cpe~cialised Man agement of the Air Por e. Special Purpose Vehicle Plset1’
(Mast.r ’s th.si. , Air Pore. Inat itut • ot T.ehnology, 1973) , p. 49.
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• codes according to a GAO review is done on a subjective S

basis. Historically , the values of the equivalents have

changed little , despite changes in age or usage.

II ‘
The next level of vehicle management has rela- \5

ll 
tively few operational decisions. Hq AFLC makes policy S

and reviews WRALC actions. Eventually , it is the agency

that actually pays the bills after the procurement agency

has made the actual purchase.

U Hq USAF receives the final bu~r package and make s

the final approval. This level has two interested agen-

III cies , the Directorates of Transportation and Supply. To-
- 

- U gether , they must defend the vehicle funding requirement

to DOD , Office of Management and Budget , Air Council, and

-

~ U Congress. S

Table 4 gives a summary of the vehicle manage- 
S

-
~~ U ment responsibilities at each level. It is not always

clear where final responsibilities can be assigned , since

H 
LI Hq USAF , Hq AFLC , and WRALC all publish directives that

are binding . Further , the division between transportation
U S

- and supply at each level makes responsibility diffused .
11 

—

I 

~ 
Although the USA? vehicle management agencies 5

5

have control of the development of requirements , the num-
S U bers , types and prices are out, of their direct control.

5 S~~~ll
- I
5

5 
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TAZI4

3~~SIIARY OP V~~ICLZ RBAPOISI~~LITIES A? EACH LEV~~. OP MAII*GRI*IIT

Base WRALC Eq APLC Eq 1~ AP
(~asu) (NcsIMas) (A,sss/Anrr )

S Perfor m Consol idates Consolidates Approves Provide gsneral
saint.nance replacement replacement final vehicle guidance

codes codes buy progr s

Li Operate Coord inates Deter mines Liaison with
- S S vehicles overhabl vehicle buy Congress

actions requirements monitors

D Maintain Maintain Pr.par.s Coord inates!
• vehicle cc azd master PR ’ a on buy approves

records Iuthorissd vehicle
list budget

• II Update Distributes new Distributes Monitor P5W Congressional
S replac ement assets among new assets actions (on compliance
-‘ codes bases among ste ft basis requirements

fl coemands only)

Preps re bud- D fends vehicle
get suba is— budget
sions on buys ,
overhauls and
spares

- Controls over-

II haul program S

- Redistributes SS oo and es-
055555 5

SOURCE: Larry I.. King, “ URAP General Pur pose Vehicle Day Program” ( Professional S

Study, Air War Collegs, 1976), p. 16.525 1 1
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Ii Aside from a relatively few specialized vehicles pur- S

chased directly or through the Army , USA is the prime S

- actor in the procurement process. It is true that Eq USA?

U and Congress make budgetary decisions that establish the

upper dollar limits for vehicle expenditures. The vehicles S

Ii purchased by the dollars are largely within the discre-

S tion of GSA.

The Armed Service Procurement Act of 1947 says

U “Award shall be made . . . to the responsible bidder whose

bid . . . will be most advantageous to the United States ,

1.1 price and other factors considered .”15 Currently , GSA

U uses only the initial cost as the criteria. Other items

are considered on other Air Force purheases. Major Gen-

eral DeLuca, who was then Chief of Staff , AFLC , and later

the USA? Comptroller, stated :

5 - l I
The objective is to consider fully from the govern-
ment ’ s t~tandpoint both th. cost of acquist ion and

II the cost of follow-on logistics support of an item ,
U in order to make competitive procurement awards on

S the basis of the lowest total cost of ownership.
if Great er emphas is will be placed on the latt er pa~’t
U of the procurem ent policy , which states “award to

the responsible bidder whole bid will be most ad-

— ~~~~~~~~~~~~~~~~~~~~~~~~~ van tageous to the Govern ment , price an d ot he r factors
I ~~~~~~~~~~  

considered .” Thes. other factors (operations and

35Kar .ten , et al , p. 4.

I
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I
I
I logistics suppo rt ) must be calculated to provide in-

formation so that the competitive award will, result
in the lO~..t ult imate tot -al cost to the GovernmentI - 
as disting uished from acquisition price alone.~~

S 
- 

This concept , called Life Cycle Costing , is used

extensively in buying aircraft . If a given vehicl. type

I has a lower total cost than another type , even though it

I has a higher initial purchase cost, it should be chosen.

Exhibit H illustrates the process..~- The problem is that

I ilentit ication of the follow-op - co8t is not available to

the purchasing agent , GSA,’ aince the data , funding respon-

I sibility, and program management are at various levels of

USA? Control,. 
- 

The Senate Committee on Armed Services said:

- Take, for example , the contracting officer who de-

I S ter mine s tha t a low price is less important in a par-
ticular procurement than other valid factors , such 

Sas urgency of need , quality of product , or lower ul-

I t imate cost. Should he make an award on such a basis S

to someone other than the lowest bidder , he is im-
mediately placed on the defensive and must justify

I his actions -or might even be personally charged for
the apparent excess cost. This attitude has had the
only re sult s which could be expected--the award ofS contracts tn a purely mechanical way to the lowest

I bidder which no exercise of judgment or discretion
on the part of the pá~’chasiñg officer. The committee
is firmly of the opinion that thi s is not in all cases
the beat way to conduct a business.17

I 
_ _ _ _ _ _ _ _ _ _
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I - 55 5 5 5 55 )

17lb id . ,  p. 48.
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Acquisition Life Cycle S

11 Co4t Cot

X Corp.

11
II

Y Corp .

II Cost 

:: 
Z Corp . 

- 
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• 

S

11 EXHIBIT H
•~~

•
~: ~~~~~~~~~

- - COMPMISON OF HI GH QUALITY HIGH PRICE ITEMS . -.•. 
~~~~ 

..

~~~~~~~~~~11 WITh L~ IER QUALITY L~~ PRICE ITD~S s4 t

Si

.

is
if 5O~~CE: Ernst R.~~Irstsn and Larry 1. McGeeiel . “Suggested Methods •

U for I.pl sntatlon of Life Cycle Costing Techniques in .

the Procvr.nent of Air Force General Purpose Cc :rcial
if Y.Mcl.s (Mest .r’s thesis, Air Force Institute of
U - T.chi~logy, 1974), p. 30.
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U Even though Congress seemingly favors ‘ore re-

El sponsive vehicle procurement, it has placed unworkable

restrictions on the process. There are maximum prices

III permitted for bidding , such as $2,100 for a sedan , $2,300

U 
for a station wagon , or $1,650 for a pickup truck. While

there is some latitude for options, the low authorizations

U mean purchases are often negotiated .~ The cost that GSA

can negotiat e with manufac turers  must  be compared with

fl the funding limits and priority list s of M14U. The number

fl 
and make of vehicles purchased are thus not in direct USA?

control .

1] Some practices cause even the type to be in

S doubt. The manufacturers often put USA? vehicles at the

[j end of a production run. If it is advantageous , the manu-

facturer exceeds the minimum specifications of the con-

S [J tract . While eight cylinder engines instead of six cylin-

der , automatic transmission instead of manual , and other

extras at the same price may seem like a bargain , t hey S

U in fact increase the maintenance complexity of the ye-

hicles.~ Since the. manning standard , vehicle equivalent s,
‘-I -~~~~~~~ 5- -~~~~ ,&~~~~~~~~~~~~ 

5-

I0 
~~Xing , p. 45. 
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43II is not affected, the manning needs are understated when

S substitutions of increasing complexity are added.

The type of vehicle would seem to be a decision S

U within the purview of the USA?, but it is not. The manu- -

facturer determines motor , body, capacity, etc. Options ,

111 such as transmission , accessories , color , drive wheels ,

etc. are governed by mandatory DOD approved specifications ,

which are a result of a joint service review . For in- 
5]

U stance , the USA? is now worried about pollution control

- 
devices , since catalytic converters impose a fire risk

- 
Li on the flight line . This could be an -option . The special

r requirements of vehicles destined for Alaska , or other tin-

usual climates, can be added as options. This is an area

where maintenance requirement s are considered. For in-

stance, tour-wheel drive or air condit ioners  entitle a S

S Li vehicle to a slightly higher vehicle equival ent . Not all - 
S

changes are so effected. Electronic ignition , disc brakes,
L pollution control devices , automatic tran smission , etc.,  S

U are manu factur er ’S changes that impact maintenance , but

have received no recognition.
I, -.Ii The location where a vehicle is sent has a defi- -

fi
nite impact. The make of vehicle is very important over-

seas , where contract maintenance , overhaul capability ,

LI S

11
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etc.. may exist for one make , and not another. The tim e S

II spent looking for or manufacturing parts depends on whether

that make is mlrketed in that area.

fl The make of a vehicle is important in term s of

U 
consistency. Psi~s, subassemblies , 

and maintenance tech-

S 

niques are similar for the sam e type over a period of

[] years and between types for the same make . Thu s , part s

for Chevrolet sedans are basically the same from 1962-68,

- 

[I 
while there is also similarity between light trucks , se-

dans , station wagon s , and ambulances. 2° 
S

[I The availability of many makes and types for

i nearly identical missions proliferates training require-

ments and lengthens the learning curve . For instanc e,

there are 95 different forklift makes and types between the

- 
2-6,000 lb. capacity authorized.2’ S

di In summary , the control over number , price , make ,

-
‘ 

1~ type , and consistency by GSA increases the total cost of

S vehicle ownership by increasing maintenance. The follow- -

[J %~~~‘~~~S 5 
ing conclusions in & Defense Supply Agency report concerns

part s, but they could also be applied to maintenance
-

20Defense Suppl y Agency, Report on C ommercial S

Vehicle Supply Sup port , 1969, p. 16T 158.

21Ibid., p. 222. 5

U 4
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1. There is insuff ic ien t  c ontrol wi th in  the S

Military Services to limit the range of types and

El sizes of commercially designed vehicles/equipment
which are being authorized and procured. This has S

resulted in proliferation of types, sizes , and models
• which has seriously com plicated the support of com-

U mercial vehicles/equipment.
2. Commercial design vehicles/equipment are

S being procured under performance-type specif icat ions

U and standards , and the nature of these document s 5

- widens the range of potential suppliers with a con- S

comitant adverse effect on standardization. How-

U 
ever , the advantages accruing from this overrides

S the disadvantages and argues for a continued use of
S 

S performance-type specifications and standards. S

3. Although the existing Federal and Military

U Specifications and Standards for the same type of
commercially designed general purpose vehicles are

: separately developed and requirement s are stated dif-

fl ferently , they result in delivery of the same basic
S vehicle, excluding minor options. The effort in- S

volved in the separate development of these docu- S

ment s is unnecessarfly duplicative .
4. The present practice of procuring commercial

design vehicles/equipment by formal advertising re-
S eults in a proliferation of makes and models within
I Li the DoD inventory which serves to complicate supply -4

support . The financial advantages of this procure-
S ment technique would continue to be achieved if these

1 buys were made on a multiyear basis , and use of this -

- 

S 

technique would enhance standardization of commercial
vehicles and ease supply support problems.

- 
- 5. Extremely limited action is being taken to

U achieve end item standardization by make and model
S on an installation or geographical area basis. How-

ever , the potential in improving end item standardi-

El zation by controlling deliveries from new procure- 5-

.-

ment is not being real ized . 22 S

El = = 
~~ S•

221bi6., p. 236.
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Taken in combination , the system embracing the

II Congre ss, GSA , U.S.. Army, and five USAF agencies divided

functionaUy between two disciplines h-as created a di-

ll verse vehicle fleet. The justification , numbers, make ,

type, model , options , distribution , location , age , and

II U sage of this fleet all have an impact on vehicle main-

II tenance, while the quality of the maintenance eventually

affects the agencies and the ca~ability of the fleet to

II perform its designed mission. In the next chapter , the

above factors will be shown to have little relevance on

fl the way vehicle maintenance shops are manned.

U
U
El
El S

11
11
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MANNING DETERMINANTS FOR VEHICLE MAINTENANCE

H
Transportatto~ and manpower experts in the United

[1 States Air Force and the Government Accounting Office have

U been dissatisfie.d with the current manning within Vehicle

Maintenance sections . Both the actua l level of manning

U and the methodology have been questioned. A full-scale
S 5

study was accomplished in 1967 and forms the basis for theIi current standards.’ Since then, there have been changes in

U the approach used by manpower experts. - There is a recog-

nition that the environment in an organization can change

U rapidly . Mission s, methods, equipment , and technology can

invalidate the best of studies. Manpower experts can

either constantly reaccompliah their stud i es, or develop 
S

procedures that accommodate change In the vehicle main-

1’ tenance organizations, there have been changes The end

JJ of the Vietnam conflict, the all-volunteer force, reduc-

tions in headquarters supervision, technological changes,

U -

1Stew art AFB ADC Managemen t Engineer ing Team,H “Vehicle Maintenance F.C. 4240 Final Report” (Stewart AFB,LI N.!., October 6, 1967), p. 1.

II ‘~ - ;
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Ii energy shortages, economic decline, inflation, ecology

movements--all of these factors have had an effect on man-

fling requirements since the study nearly a decade ago.

U Realistically, it may be expected that there will be

changes in the future. This chapter will  explore current

manning practices in vehicle maintenance, and suggest a

ii method that might provide a perpetua l update of manning

standards in this area. 
S

At each USA? base or activity, there is likely

to be a collection of blue or yellow vehicles provided for

official business. Many of these vehicles, such as sedans,

are used for administrative purposes. Most vehic].es are

S needed for work, such as pickup trucks and vans . Of- S

ficial vehicles provide personal transportation in over- 
S

seas areas which would normally be accomplished by pri-

LI vstel~ owned vehicles. Other vehicles serve very ape-

U 
cialized purposes, such as fire trucks, refuelers, and

materials handling equipment (MHE).2 S

U Two classes of vehicles are maintained by the

organizations that operate them. Civil engineering

2U.S., Department of the Air Force, Joint Pro-
~~dures f or the Management of Adm in is t ra t ive Use Motor

El Vehicles, Air Force Manual 77-1 (Waáhington , D.C.: U.S.
Government Printing Office, 1967), pp. 1-3.

II S
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U vehicles , such as: road graders, bulldozers, etc. are main-

II ta m ed by that organization. Aircraft maintenance organi-

zations maintain certain equipment, such as towing tugs, 
S

starting units, etc. -that are closely associated with air-

craft.

El The vast major ity of vehicles are mainta ined by

fl the vehicle maintenance section of the ~transportation unit.

In some cas es, this ‘work is contracted out. Warranty work,

U and certain specialities are sometimes done by commercial

firma, although the control, inspection, and funding is

done by the base vehicle maintenance activities.

[1 
Despite these exceptions, the vast majority of

work is accomplIshed in-house. Depending on the size of

U the fleet, it can be divided into several work centers,

such as a tire shop, battery shop, paint shop, etc. In 
S

III general , most bases separate the work into general purpose

U and special purpose vehiclss. The latter includes fire

trucks, MHZ, refuelers, etc. More specialized training in

U hydraulics and electrical sy stems is required to maintain

these vehicles .

El Much of the work is similar to that familiar to

El every car owner. The using or?anization brings in a S

vehicle when it is broken or has been in an accident;

El
11
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however, most people do not maintain a government vehicle

as well as they would their own, so vehicle maintenance has

a program of periodic safety inspections and a servicing

I sbhedule for oil changes. This preventive maintenance

take s administrative time, but in the long run saves main-

tenance manhours. Commercial vehicle fleet operators, such

[ as trucking firms, follow the same policy.3

Each base has unique characteristics that cause

I manning for various organizations to be different. If in-

- 

dividua l commanders were to have the sole authority to de-

I termine manning, there would be considerable in f la t ion  of

I requirements to cover peak work periods . In private in-

dustry, forecasts of manpower needs for four months in the

I future averaged a 7 percent error.4 Transportation units

are no exception . In order to achieve efficiency in the

I use of manpower resources, an external, unbiased organiza-

I tion determines exactly how many people are required to

accomplish a task.

I 
_______________________S 

- 
3Ch ar les A. Taff, Commercial Motor Transportation S

j  (Romewood, Ill.: Richard D. Irvin, 1961), p. 290. 
-

4Robert Ferber , Employer ’s Forecast of Ma npower S

Regu iremep~ts: A Case Study ~TJrbani: University of Illinois,1958), p. 44.
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U The USA? Management Engineering Program (HIP ) 
S

II is the means by which manpower requirements are determined ,

dis t r ibut ion  and ut i l izat ion of resources are managed, and 
-

‘El se rv ices and studi es are furnished to functional organiza-

El tions ‘to improve management of manp ower.  Air Force Manua l

25-5, Management Engineering Policies and Procedures,

II states,

Manpower standards are developed by Ci)  transformingLI existing job standards (established by internal work
measurement systems) into manpower standards (pref-
erably by ‘work center), (2) cond ucting work measure-

U ments studies to acquire data for direct use in es-
tablishing manpower standards, or (5) developing
s ta t i s t ica l  manpower standards from an existing data

fi base.~

ll Management Engineering Teams are established at

base level to accomplish these tasks. These teams might

II be termed efficiency experts. They often conduct time

and motion studies, work sampling, and other direct obser-

II vations to arrive at a data base. The data base is then

I 
analyzed using various statistical techniques, including

linear regression, multiple regression, nonlinear regres-

I sion, queing theory, and correlation to determine what

5U.S., Department of the Air ?orce~ Kant ementI Ingtneerin,g Policies and Procedures, Air Force flua -5
(Washington, D.C.: ffovernaent Printing Office, 1973), p.
1—1. 5

1
1 

-
-

5 -
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U reqv~ires manpower . The -result is an estimating equation

U that establishes the relationship between a “manpower de-

terminant” and workloads. These equations are subject to

El tests foi significance, such as student “T,” “F,” or Chi-

fl 
square, and are required to meet minimum standards of co-

efficient of- correlation — .7071, coefficient of determine-

[] 
S tion — .5, vtth a .95.level. of confidence.

When a functional review is made , the procedure

[] usually is for a “lead team ” to conduct a preliminary

LI 
study. Other MET ’s then collect data at other locations,

using guidelines developed by the lead team. These data 
S

are then systematically analyzed. If it has wide applica-

tion , it is published in Air Force Manual 26-3, Air Force

[1 Manpower Standards.

One of the important factors in this process is S

Iii the development of the manpower determinants. The problem

U is in trying to use these factors for multiple purposes.

The primary purpose, and the one that has priority in case

El of conflict , is to chose a determinant that has the highest

probability of correlation with the manning requirements.

U _ _ _

U.S .,  Department of the Air Force, Air ForceEl Ma nm S - a , Air Force Manual 26-3 (Washigton , D.C.:
Gov ernment r tn ing Off ice , 1973), p. 42 ].OC- ] .

El
II 

-
S

.
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Tb. second purpose is to chose a factor that can be pre-

II dictad for future time periods. For example, a factor S

suc h as “work orders ” may be highly related to the number S

El of workers needed in the maintenance control aec tion~ it

El is possible that “base population ” is •lso highly cor-

related to manpower required. Base population has the ad-

U vantage of being predictable. It can be used if units are

moved, mission s changed, bases closed, etc. Using base

[1 population as the workload factor would enable planners to

El accura tely predict the man power effects of various mission

changes. This could affect such factors as budgeting or

[1 notification of personnel actions. In contrast, wor k or~
ders are largely a historical data base .

Ill Unfortunately, it a a rare case where factors

El 
that are programablo or predictable are also the factors

that most accurately determine manpower needs. There is

II usua lly an inverse relationship between the relative

strengths of these two purposes. Prom the viewpo int of

management engineer ing , there is an understandable desire

to use workload determinants that are program able . Man - 5 5

I power requirements can be developed quickl y and with little

I
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LI additiona l work. More direct  factors require elaborate

U reporting and repetitive analysis .7

Within an organization there may be work centers

Li that have basically different tasks. Each work center

U must be analyzed separately . Appendices B, C, and D de-

scr ibe Mana gement, Maintenance Control, and Maintenanee/

LI Repair , respectively, within the vehicle maintenance eec- S

t ion of a transportation organization .

[I The manp ower determinant  for Management is per-

~ sonnel authorized.8 The standard manning equation is y —

1.0551 + .0l213x. The manning chart is shown in Table 5.

t This standard appears reasonable . Most manage-

ment jobs are based on personnel assigned, since direct

Li supervision is their main task, rather than any specific

S 
output. The MET study in 1967 arrived at the same con-

clus ions, although a slightly different equation based on

11 manhours was used. That study also considered Vehicles

Authorized, Vehicles Assigned (both of these exclude other

El c oaaands ’vehicles , a small detail caused by different re-

U 
porting systems), Total Vehicles Authorized , Tota l Vehicles

TX.nneth R. Coleman, “The Determination of Man-

D 
power Requirements in th e Un ited States A ir Force ” (Pro-
fess ional Report, The University of Texas at Austin, 1974),
pp. 23-25.

El U.S.,  Department of the Air Force , ~~Li.~r~ce
Manning 8tan4ards , p. 42408-2.

U
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III TABLE 5

M N A ~~ 4E!~P AU~H0RIZATIC~S

‘U] S

Workload Value

Eli APS AFSC ______________________

lii 34 90 179 268

)btor Vehicle Management Officer 6024 1 1 1

Vehicle Maintenance Superintendent 47391 1 1 1 1 
- 

-

Vehicle Maintenance Technician 47 x 71 1 1 2

SOURCE: U.S. Department of the Air Force, ~~ Force Manning StandardsAir Force Manual 2-5 (Washington, D.C.: 1973), p. 4240 8-2.

-ii 1~’

Ii S 
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11 Ass igned, and Personnel Assigned. The coefficient of cor- 51

13 relation and determinations was .6062 and .3674 , reapec-

ttve]y. While not high, or conforming to AFM 25-5 stand-

U ards, the accep tance was exp lained away by. “investigation

of deviate points (which) show s this determination to be

El signiftcant.” Other attempts to explain workload de- :1

ii terminates of tasks that largely involve responsibility

and supervision of people have had a similar problem in de-

U fining exactly what they do. Despite this  drawback , the

standard appears reasonable and has proved workable in

Ii practice.

U The Vehicle Maintenance Control Section might

be described as first-line supervision s Much of the paper-

U work , as well as scheduling and inspections, is accom-

pu shed in this work center. There are nontransportatton

LI specialt ie s assigned , such as inventory management, which

U 
controls parts end certain tools.

The standard manning equation is y — .1034 +

.O3 548x - .0000043 4].x for vehicle f leets of 1498 and

II 8tswart AFB ADC Management Engineering Team,
“Ve hicle Maintenance F.C. 4240 Final Report ,” p. 2-1.

II
0
I!
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LI below and y — 2.9958 + .007592x for above 1498.10 See

U Table 6. S

The 1967 MET study was similar. The standard

manning equation was y — 14.680437 + 2.l96052x - .000582x2

El 
for vehicle fleets of 1421 and below; fo r  fleets above 1421,

the formula was 425.41 + l.08O1x.~~
3 This produces a man-

U hour formula -rather than personnel authorized, but the

formula gives basically the same result as the AEM 26-3

equation . In both calculations, the workload determinant

U 
is, “total. number of registered vehicles assigned to the

Base Vehicle Maintenance function for maintenance regard-

13 less of the owning command or using organization .”12 Con-

sidering the duties of maintenance control, this is in-

13 tuitively reasonable. The amount of work is about the

sam e, regardless of the difficulty of actual maintenance.

LI . 

Other workloads examined and reje~~ed were vehicles auth-

U orized, total vehicles authorized, total vehicles assigned,

AlTO 855 (workorders ) completed, line items processed , and

10U.S., Department of the Air Force, Air Force S

Kannin& Standard, p. 42408-5.

II 1’Btewart APE ADO Management Engineering Team ,
“Vehicle Maintenance P.C. 4240 Final. Report , ” p. 2-1.

II ~‘Ibid., p. 2-2.

U
II ‘
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NAIJT~~AIC5 COIITROL £U~1 IZA?IO

5 

2 ~ 1

U 
~ 111 111 111 till ~£15 47z47 47z!x 47z3x 65570 65550 65530

:1 Vorklosd Values:

[1 214 2 1 3
U 294 2 1 1 4

379 3 1 1 5

Li 
469 1 3 1 1 6
566 1 3 2 1 7
670 1 3 1 2 1 8
793 1 3 1 3 1 9
911 1 4 1 3 1 10

U 1058 1 5 1 3 1 11
1238 1 5 1 1 3 1 12
1498 1 6 1 1 3 1 13
1581 1 6 1 1 4 1 14
1712 2 6 1 1 4 1 15

I 1844 2 7 1 1 4 1 16

~
- L_ 

1976 2 7 1 1 5 1 17
2108 2 8 1 1 5 1 18
2239 2 8 1 1 5 1 19
2371 2 9 1 1 5 1 20

SOURCI: Stawart APB ADC Mans-$ss.nt Snginssithg Team, ~ Vehicle Management P.C.
4240 Pinal Report ” p . 2-1,

[I 
-
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vehicle equivalents assigned. The correlation of vehicle

U assigned was .9495 and the coefficient of determination

was .903.5.13

lii The maintenance/repair work center is the heart

U 
of the complex; it is where the actual maintenance is ac-

complished . There is also a minor maintenance work cen-

B tar, but there is no established standard . Each command

can establish its own determinants for this function .

13 5 The AFM 26-3 standard manning equation is y = 3.4480 +

13 
.027901x, with the ‘workload determinant being vehicle

equivalents assigned .’4 In the 1967 MET study, the work-

U load factor chosen was -Vehicles Authorized. There was

very little difference between the correlation and coef-

13 ficient of determination . For vehicle equivalents, it

was .9413 and .8861, respectively, while for vehicles

LI assigned it ‘w~~8 .9582 and .9181. 15

II - Vehicle’ equivalents are an attempt to assign a

weigh t to different tyPes of vehicles depending on the

II
23lbid., p. 2-8.

El “U .S., Dapartaent of the Air Force, Air Force.
Manning Standards , p. 4241C-2.

El 1 Stewart APE ADO Management Engineering Team ,
“Vehicle Maintenance P.C. 4240 Final Report,” p. 3-15-14.

II
II
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11 level of complexity . Thus , a simp le pick-up, truck is as- $
~ll 

signed a value of “1. ” A fire truck has more complicated

electrical end hydraulic syitems, more tires, axles, etc.

and might have a value of “4.” Each vehicle has its own

equivalent, and it is published in AFM 7?-3lO.’~ Theo-

S retically, a vehicle can gain equivalents. For instance, 
S

if an air conditioner is installed in a pickup truck, the

equivalent could be raised to 1.1. The problem with ye-

[1 hid e equivalents is its lack of f lexib i l i ty .  In fac t ,

vehicles have grown more complex through the years with

liii the introduction of air conditioning, automatic

U miss ion, electronic ignitions, pollutant emission control

devices. The vehicle types are treated as a class, and 
‘

S

U given the same weight in terms of Vehicle equivalents,

regardless of addi t ional  systems.  :

S 
Similarly, as vehicles grow older and accumulate

11 mileage, it Is reasonable to expect normal wear and tear

U to exact its toll, and more maintenance would be required.

Again, the vehicle equivalents remain inflexible in the

II ‘5U.S., Department of the Air Force, Vehicle In-
te;rated Management System, Air Force Manual 77-310, vol.
2 (Washington, D.C.: Government Printing Office, 1974),

LI attachment 3.

I
I
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face of changing conditions . This has had a definite ef-

-U 
fect on maintenance. Due to congressional funding limi-

tations, the normal vehicle replacement schedule has not S

El been followed, and the overall age of the fleet has in-

creased. In another situation, the vehicles in the Far

U East were allowed to age, - in part because of the expense

U of shipping the vehicles, and partially because of the un-

certainty of force basing . In both cases, more maintenance

Ill was required, while the standard used did not reflect the

difference.

The basis for vehicle equivalents is not rigorous.

[I  
It represents a subjective estimate of comparative corn-

plexity. While it is intuitively appealing, the oppor-

H tunity for a given base to have a misapplication of man-

power resource is high. As a fleet ages, and newer, more

~ 1] complex vehicles enter the inventory, it is possible for S

!~ [1 the entir career field requirements to be understated.

Fortunately, there is an in-being, inexpensive

~ 11 
method to stat ist ically measure vehicle maintenance work-

S 
loads. Since the earlier studies, all USA? bases have im-

El piemented the Vehicle Integrated Management System (vIMS).

I ~ 
This is an automated information system, using the Bur-

U roughs 3500 computer. Information on every USA? vehicle

~
‘ ll

.,
~ 
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U is included, as well as ongoing updates, such as mileage,

coats , and maintenance hours. The validity of using VIMS

data is subject to the assumption that the input is ac-

U curate. Still, in order to have an impact on final man-

fl ning,there would have-to be widespread- collusion among

- bases to distort the data. Air Force Manual 25-5, Manage-

U ment Engineering Policies and Procedures~ permits the de-

velopment of statistical manpower standards from an exist-

Ii ing data base. -

Unfortunately, the - key piece of information

— needed to determine the- causal factor for maintenance man-

E] ning is not summarized in- existing reports. Each vehicle

record includes - the number of maintenance manhours cx-

[j pended, but tb-is information is used for other purposes.

It -is part of the dat-a base at each USA? base, but it is

Ii not collected or forwarded. -

— 

U The location of an air for-ce base should affect S

the maintenance requirements.- . The working. conditions, in

13 terms of temperature, humidity, or wind should affect -the - S

amount - of maintenance accomplished in a unit of time..

III Thus, it might be reasonable to expect that more time

would be spent in maintaining a vehicle in 100° tempera-

tures of Southeast Asia than would be spent in a more
-

~ U
0
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temperate environment. Similarly, the location of a ye-

U hid e can affect the actual maintenance requirements. Lo-

cations near oceans will have corrosion problems; cold

Ii weather locations, such as Alaska or Greenland, will have

U 
battery problems; locations that have poor roa~a will have

suspension problems. A larger scale study that includes

H environmental factors would includ e this determinant.

The list of possible elements available from

H the VIMS data base was large.’7 The list was narrow ed, and

will shortly be described, but a brief comment on rejected

LI items may be informative . The condition code of a vehicle

describes a vehicle in terms of age, mileage, and coa t,

in comparison wi th  a predetermined life expectancy. There

H is some question of the validity of this code, since the

life expectancy of each make, in each year, is presumed to

Li be the same. The data on cost are particularly suspect,

since it does not d i f f e ren t i a t e  between cost incurred be-

cause of parts or labor. In addition, labor coat is a].-

[] located by the pay level of the mechanic. Finally, there

S is no allowance for inflation. Data on cost are more ap-

Li plicable to management and procurement decisions than to

- manhour allocations.

17Ibid., pp. A3-] -A3-5.
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LI The skill leve l of mechanics obviously affects

B the manhours spent. Apprenticeship in automotive repair

is three to four years.18 A base that has a level of

13 lover skilled personnel would expect to require more man-

13 hours. “A large port-ion of the skilled manpower in the

armed forces leave after one term, “19 was the finding of a

13 1954 study, and it has remained true until today; however,

the all-volunteer force (which did not directly affect the

H USA?, since it was mostly volunteer all along) raised

wages. A level of high unemployment in the economy can

act as a retention aid, and thereby increase experience

H and reduce manhours. There is a measure of the skill of

the ‘workforce in the . VIMS data base. The level of ski-li

Li 
is taken into consideration by manpower personnel in ~ca1-

ing the numbers. To change the manning requirements to S

El take into consideration fluctuations in personnel assign- S

U merits, recru itment, and retention rates is theoretically

valid, but not practical. It is the duty of manpower to

U determinw requirements, and the duty of Personnel to fill

those requirements . S - 

S

El -

‘

1 lational Manpower Committee, A Policy for
Sikt3.]ed Manp9ver (New York: Columbia University Press,

Li 1954), p. 3.11.

‘lbid., p. 225.

II
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11 Use is another factor that could affect mainte-

U 
nance requirements, but was rejected. It is true? for in-

stance , that a munition squadron ’s forklift might be sub-

13 jected to heavier strain than a general supply squadron ’s

- 

- forklift. An on-base pickup truck may, in general, travel

II slower than one that frequently makes off-base trips on

U 
high-speed freeways. While use, in terms of mileage or

hours, was considered, the type of use was not. First,

[j 
one of the differences is environment - (such as road condi-

tion) and could not be determined unless location differ-

I ~ ence s, as suggested for weather conditions, were included,

which is beyond the scope of this study. Second, differ-

LI ences in vehicle use on a given base can be, and often

I] are, changed by rotation of vehicles between un its via a

Vehicle Utilisation Board . This rotation tends to make

13 the condition of vehicles ‘~average” on a given base.20

Thus~ while there may be differences between bases, 
a given

LI base will tend to blur distinctions between use of vehicles.

11 The measures often used by vehicle managers in

evaluating the efficiency of the maintenance are Vehicle-

il Out-of-Commission (voc), Vehicle -Down-for-Parts (VDP) , ~nd

II ‘°U .S.,  Department of- the Air Force , Joint Pro-
cedure s for the Management of Administrati ve Use Motor
Vehicles, p. 55. -

LI
II
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Vehtcle-Down-for-Matnténance (VDM) times. VDP is primarily

11 a function of the supply system. In essence , no work is

being done on a vehicle while a part is being ordered.

El This also is included in VOC time. Obviously, manning

U 
should not be based on a measure where no work (at  least

by vehicle maintenance personnel) .is being accomplished.

13 VIM comes closer, since it measures the time a vehicle is

in a shop awaiting maintenance, with no delays for parts.

13 Clearly, this is a useful tool for management. But since

it is a 24-hour -a-day measure , seven days a week, it is not

useful for workload measurements. A vehicle turned into

13 the shop on Fr iday afternoon may accumu late over 60 VDM

hours before any work is done on it. A high VDM rate in-

n 

- dicates a problem, but it may, or may not, involve manning.

Many of the standard factors used, such as base

Ii populat ion or a ircra ft, were rejected out of hand as m ap-

propriate dur ing the 1967 study.

U 
- Although limited by samp le location, sample size ,

0 and time, this -study provides many of the more likely fac-

tors in creating maintenance demand . First, each type of

II vehicle was analyzed separately. Thi s ana ly za tion allow s

discrimination between makes and vehicle complexity. The
U dependent variable is Direct Maintenance Manhours. While

II S 
S

I
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El there te an ex ist ing USA? report, RCSINAF-LOG (Q)7110, 51

fl that provides labor hours by vehicle management code (ve-

hicle type, i.e., 1/2 ton pickup , light sedan, etc.), th is

13 would not give information on individua l vehicles. A sub-

routine was used on the VIMS data base to accumulate the

El , labor hours on each vorkor der for each vehicle during the

13 previous 12 months.

The first independent variable tested was ye-

U hid e equivalents. This was done primarily to test the ef-

fectiveness of the present standard. The Government Ac-

I] counting Office, in a review of “Maintenance Management of

El - Commercial Type Vehicles,” found the use of vehicle equiv-

alents to determine vehicle maintenance manning was inef-

13 fective. The reasons for this conclusion were the arbi-

trary selection of the base vehicle equivalent, the lack S

II of information pertaining to what maintenance functions

were included in the vehicle equivalent, and the lack of

LI information on how the number of equivalents which one

mechanic should maintain was determined.21

II tm1 lnte rv iew with Major John A. Reidy, Jr., Head-
quarters, United States Air Force, Wa shington , D.C.,
September 30, 1975.

I
I -
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II ~~~~~‘I Despite this criticism, it has been the accepted

II standard for several years. At many locations, it appar - S

ently produces a satisfactory manning level. Even if sub-

U jec tive, it may, at a given time, with a fleet of a certain S

13 
compos ition, give a high correlation with manning . Hope-

fully, other, more causally related factors, will be found

13 but unless they can explain manning requirements better

than vehicle eq uivalents, the current standard should not

13 be rejected.

11 The first of these factors is age. The first two

Li digits of the vehicle registration number provide the

El model year. Since a given vehicle may come from the be-

ginning or, more typically, the end of a production run,

El and the production run itself may come at different times

in the model year, the actual age of vehicle, as determined

El by the regiStration number, is subject to variation . It

U is still a useful measure of age. Many of the maintenance

requirements are directly relsted to only age. For in- S

13 stance, during the first year, warrant ies cover some of 55

the maintenance. Because of the vehicle rotation policy,

El mileage differences among older vehicles can be minimized,

13 and age may be the major dtffé ’~ nce. Certain items, such

am pa int or ba tter ies, have breakdownS measured in times

[1 
rather than use.
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~~~~~~~~~“ ~~~~~~~~~~~~~~~~~~~~~~ 5S , • S , ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ________ ____

S I

II
n 69

II (i) 
~~j 

as a variable also serve, to differen-

El tiate vehicles. As mentioned previously, age will often S

indirectly take into consideration the *snutactur.r. It

LI wi).]. also include facto rs of equipage. New vehicles have

13 
the more complex systems, such as air conditioning, auto-

matte transmission, and so torth. By identifying the model

13 year, th e ot he r var iab les are included , without having to

be specifically identified .

13 (2) Another iMependent variable investigated

- is cumulative mileage. Many factors affecting maintenance

are related to total use. At a certain point, parts begin

13 to wear out. As a vehicle approaches high mileage, more

and more parts will give out, arid a vehicle will come into 
S

13 the shop for maintenance more often.

Cs) Directly related to both age and cumulative
El mileage variables is the expected life. If a vehicle i.

II expei~ted to last slx yeara or 72,000 miles, it is reasonab le

to assume a vehicle 6 years old and having traveled 60,000

m iles will have more maintenance needs ‘than one 2 years

old with 25,000 miles on it. Total mileage, or age, may

II not explain the full characteristic , of a vehicle . Cer-

tam heavy duty vsh$cles hsve comparative ly long lives and
U high mileage life cycles. A bus with only 60,000 miles

I S

I -

~~~~~ ~~~~~~~~~~~ ~~ —



___ S 5

I
II

70

U on it may be comparatively young, and require less mainte-

U nance than a sedan with the same mileage. The condition

codes use this comparison between current age and mileage

El with expected life.22 The condition codes, being alpha

El characters, were not useable in regression analysis, so a

percentage of life consumed factor was made for both age

U and mileage. There is some doubt as to the validity of

S these factors, because of the figures used for expected

13 life. All vehicles within a vehicle management code are

13 
assigned -the same expected life factor. Thus, a 1967 Ford

and a 1975 AMC -sedan share a 6-year, 72,000-mile , life cx-

13 pectancy, despite differences in weight, engine size, equip-

ment, fuel, and manufacturer. Despite this suspicious fac-

U tor, it is included since condition codes are currently the

most widely used measure of-differences in vehicles .

U ( i )  Another independent variable investigated

was the ~~~~~~~~ in the measurement period . This might be

called “current” mileage. It attempts to measure the de-

0 gree of use. For instanc e , vehicles locat ed at missile

units  tend to accumulate mileage very quickly in cover ing

22U..S., Department of the Air Force, D~ta Zle-

U *enti and Codes, Air Force Manual 300-4, vol.. 7 ~Wa shing-
ton, D.C.: Government Printing Office, 1972), p. 7-60.7.

II
I
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the hundreds of miles between sites. This mileage affects

U use items, as differen tiated from the wear items, that

cumulated aileaga - may measure. Oil changes,, tune-ups,

13 tires, etc. could-be expected to vary with the level of

use. A small number of miles in the last year would m di-

El cat. infrequent use. More significantly, a large amount

of mileage in the last year would indicate many hours of

driving per day, with heavy demands on cooling systems,

U lubrication , and interiors.

Each of these independent variables was evaluated

El in combination with others in multiple regressions analy-

U sis. Each was evaluated separately using linear and non-

linear models. At the outset, there was no prec once ived

El theory of the correct model.

This mode l provides only a partial solution. L

El In actual. use , a separate equation would be created for

each type vehicle . An analysis section could apply the
U vehicle fleet at a base ; with it. character is t ics, against

LI the equations. This would provide the manning needed at a

given time. As ’the fleet changes , the equations will.

El change . Thus, if the vehicle buy authorized by Congress

were to be increased, the age and mileage of the fleet -

LI would decrease , and the equations describing manning would

II
II 

S
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El indicate fewer requirements . Also, if personne l retention

13 were to be higher due t.o the economy, experience would in-

crease, and the equations should indicate fewer manning

El requirements.

U 
The equations would provide the direct manhours.

The conventional indirect manho~ire used for such factors

U as Personne l/Rest Time , delay time , housekeeping, and

training would be added. This would provide the total man-

[] hours per work center. This figure would be divided by 
S

the available workhour figures. This figure i~ normallyEl 142 hours/month for the hiilitary and ’ 149 -hours/month for S

~I 
civilians, although AFM 26-3, vol. 1 provides for higher S

rates in wart ime, and some isolated overseas areas. 23 
S

13 5 These equations would be the result of a single

report generated from an existing data base. The formulas

Eli could be constantly updated, using an enlarged version of

U 
this  model. In summary, with some programming, a system

that is geared to change automatically could provide both

II updated standards and updated manpower requirements for

every base on a periodic basis. Aside from the initial

El ___________
asU.S., De partment of the Air Force , !~,~~g~~ent -

S-11 Inatneerjng Policies and Procedures, p. 1-3.
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progr$UtflS, - this could be done without 
any additional work

ill from anyone . This system would reduce the requirement for

Management Engmnfering Team visits, and 
provide a more Sc-

cura te statement of manni ng needs at every USA? insta].la-

tion.
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U S ANA LYSIS 
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The previous chapters describe d deficiencies in

[11 vehicle requirements, procurement, and management which

affected the manpower needed to maintain the USA? fleet.
L It should not be assumed, however, that vehicle managers

[) are unaware of these factors.-  The problem has been one of

S 

associating a manpower determination methodology with

these factors. The extent to which the Air Force already

- , recognizes the effect of factors other than vehicle equiv-

alent s can be seen in a computerized management - report, - -

RCS~HAP-LGT (QM) 7110. An extract of this report, in a

slight ly di f ferent  forma t , is provided in Append ix -A.  -

[1 An analysis of this extract, as well as certain features

13 
of the full report, provides insights into the extent of

vehicle managerS’. inøight s, as well.- as confirming earlier

U stateme nt s on the nature of the fleet.

The original report provided more detail, break-

II ing out vehicle data by condition code. This extract

merely divides the vehicle s into broad classes of A—J and

El K-U, which can be thought of as “relative ly old” and

II 14

I
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U “relatively new,-” respectively. An “N/A” means that the

13 vehicle possesses neither an hourmeter or odometer; con-

sequently, information on the number of direct maintenance

U manhours per 1000 miles or 100 hours is not available.

These vehicle-s-are generally types that have no Internal S

U motive powez, such as trailer-s. They also tend to have

13 very low maintenance requirements .

- A da sh (-) or blank means there were no vehicles

13 of that type, or no maintenance performed during the time

period, FY 75.

Li The extract rearranged the order of vehicles

El from the original report by grouping them into categories

by their assigned vehicle equivalent.

U The first thing to notice is the large number

of vehicle types. In fact, the original report contained -t

LIII approximately 140 additional vehicle types for which the

13 
exact vehicle equivalent could not be determined. Many

of these vehicle. are very close in function, and the

El proliferation of types undoubtably increases the mainten-

ance (as well as supply costs) . Within a vehicle equiv-

El alent category, there is a noticeable tendency for small

U 
inventory su es to have higher average manhour require-

ments than large inventory size vehicle types. It is

II
II
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II it is obvious that they do not. If vehicle con-

Ij ditlon has no effect, then columns 3-6 and 4-7 should be

similar, within a given vehicle type. Again, it is 
S

El obvious that they are not. On the . other hand, if amount

of use affects maintenance, then columns 3 and 6 would

11 - 

both be similar. With the exception of a few vehicle

H 
types with small sample sizes, the range of manhours per

1000 miles or 100 hours is concentrated between 7 and 10.

- S H Although there are certain exceptions, this

general pattern is repeated with other vehicle equivalent

H ca tegor ies .  One notable feature is that the ierage man-

hours per vehicle might have a larger range in higher
S 

vehicle equivalent categories, such as 2.5 , but the

average is not noticeably larger than in the lower cate-

S gory, 1.0. The average manhours per vehici, per 1000

[J miles or 100 hours is noticeably larger in large vehicle

Li 
equivalent categories. This suggests that there is some

surface va1idI~~, to the notion of sealed levels of main-

13 tenance diffic~ity; however, it i-s because vehicle s in S

higher categories have less use.

U The fact that Headquarters, USA? maintains

vehicle records in this manner shows they are aware ~f S

t these relationships. - There are additional. feature ’i in

Al .—~~~~~~~- ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_.

~~~~~ _S__ S ‘ 5~
S ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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I It is obviouB that they do not . If vehicle con-

dition has no effect, then columns 3-6 and 4-7 should be

similar, within a given vehicle type. Again, it is

obvious that they are not. On the other hand, if amount

of use affects maintenance, then columns 3 and 6 would

Eli both be similar. With the exception of a few vehicle

13 types with small sample sizes, the range of manhours per

1000 miles or 100 hours is concentrated between 7 and 10.

[1 
5 

Although there are certain exceptions, this

general pattern lB repeated with other vehicle equivalent

El categories. One notable feature is that the average man-

El hours per vehicle might have a larger range in higher

vehicle equivalent categOries, such as 2.5, but the

average is not noticeably larger than in the lower cate-

gory, 1.0. The average manhours per vehicle per 1000

miles or 100 hours is noticeably larger in large vehicle

H 
equivalent categories. This suggests that there is some

surface validity to the notion of scaled levels of main-

13 tenance difficulty; however, it is because vehicles in

higher categories have less use.

El The fact that Headquarters, USA? maintains

vehicle records in this manne r shows they are aware of

El these relationships. There are additional feature s in

II-
I 
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the original. report that emphasize thiB awareness. For S

13 instance, there is a aummary that compares categories A-J

versus K—U. There is also a comparison of various corn- S

13 mands’ experiences.. This is fairly importance . For in-

— stance, in B204, pickup trucks, the average ma nhour s in

El one command is 77~3, while in another it Is 25.9. Un-

H 
doubtably, even wider ranges could be obtained If individ-

ual bases were considered.

U In summary, then, even an unrigorous examina— 
S

tion of the fleet data shows the following factors:

H
A. There are many vehicles, perhaps too many to deal

S 
with in a precomputer-assisted management age .

B. Many vehicle types have small levels of inventory

which tend to increase maintenance time , but 
S

U this fact must be tempered by their lack of use.

C. Vehicle condition, as reflected by gross condi—

13 tion code categories, does affect maintenance re-

quirements.

II D. Vehicle use, as indicated by average maintenance

per vehicle per 1000 mile s or 100 hours, narrows
P1 the veriance bet ween vehicle types. It also al-

I lows comparison between vehicle equivalent

I
I
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El
U categories. Many vehicles, unfortunately, have

U no provision for measuring use.

H. Vehicle equivalents have very little relationship

13 with manpower , unless use Is considered . Signif-

- icantly, use is not a factor in the official

Ii manning determination.

U F. There is considerable variation, in manhour s , no

matter how the data are grouped by use , cond i-

III tion, type, sample size, or command .

13 It might be expected that older, more worn

vehicles would require more maintenance than newer oUes,

13 and this is often the case--as comparison of A-J and K-U

categories shows; however, in many- cases, it is not true .

El A trend found in the report and later confirmed graphl-

13 cally using sample data comparing age and manhours showed

that the average manhours per vehicle is often lower in

U the older vehicles, but the manhours per vehicle per

1000 miles or 100 hours is actually higher. This m di-

El cates that older , worn vehicle s are not as intensively

used as newer ones. There are seve ral possib le reasons
U for this situation . One observation t. that many defects

on a new vehicle which is brought in for repair say be

I
I
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11 ignored on older vehicles, Huma n nature also affects the

El relationship, - since people tend , when given a choice , to

prefer to use a new model vehicle over an older one .

U While the vehicle management report provides

valuable insights, it is grouped data, and as the van -

LII ance between commands - showed , there is a possibility for

U 
averages to be misleading . Using data on individua l 

S

vehicles, it was possible to, use regression analysis to

[I provide a more definitive description of the exact nature

- 
of factors that impacted on maintenance . The data were

- 
obtaine d from bases shown in Appendix E with the follow-

- 

ing program:

S 

SOURCE COMPUTER. B3500.

LI OBJECT COMPUTER. B3500.

U INPUT-OUTPUT SECTION.

FILE-CONTROL.

U SELECT TAPE-IN ASSIGN TO TAPE-9. 
S

SELECT CRD-OUT ASSIGN TO PUNCH. - 

S

U SELECT SO-DISK ASSIGN TO DISK .

DATA DIVISION . 
S

U PILE SECTION.

I PD TAPE-IN VALUE OF ID IS “ ARAM 7A . ”

I
I SI
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LI o .

U 05- FILLER PlC XX .

03 REGNO. 
S

13 5 05 YR-PRO PlC 99.

- 

- 05 REST P-IC x(s) .
[1 05 M:0T-cDE pic

~~~~~~~

- - : -
S 

5 03 FILLER PlC X(25). 
S

- 
- - - 05 LIFE-EXP PlC 999.

U 03 FILLER PlC XXXX.

03 AGE-EXP PlC 99.

[1 - 03 BASE - - 
PlC XXXX.

-05 FILLER - PlC 1(25). 
5

OS EQY PlC 999.

03 FILLER PlC x(lls).

03 CUMILE PlC 999999.

U 03 FILLER PlC XXXXXX. 
S

03 NIL—PER PlC 9999.

-1 03 FILLER P-IC X( 129).

13 03 )IAN-RRS Plc 9999.

03 FILLERS PlC X(358).

13 SD SO-DISK VALUE OF ID IS “ANFCSS” FILE CONTAINS

20 BY 1000 BLOCK 10.

El
U

;~ 
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01 S-REX. -

13 &03 )WP-CDE PlC

03 YR-PRO P-IC 99.

13 03 BASE P-IC XXXX .

03 EQV PlC 999.

13 05 SUM—K-P PlC 999999 
—

13 03 CUMILE PlC 999999. __
____

__
__

03 AGE-EXP PlC 99. ___

13 03 LIFE-EXP PlC 999.

03 MAN-HRS-O PlC 9999. ~~~~~~~~~~~~~
U PS CRD-OUT VALUE OF I]) “ANFC5C.”

13 01 CRDREC.

03 FILLER PlC X VA SPACE.

13 05 MGT-CDE PlC

03 YR-PRO PlC 99.

U A~~~~~~~IL 03 BASE PlC XXXX.

n 03 EQV PlC 999.

LI 03 SUN-K-P PlC 999999.

U 03 CUXILE PlC 999999.

03 AGE PlC 999.

U 03 A-L-gXP PlC -9Y9.

03 $-L-EXP PlC 9V99 .

II
II
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11 05 MAN-HRB-O PlC 9999.

03 FILLER Pic x( ii) VA SPACE.

LI WORKING_BTORAGZ BgCTION.

13 01

___________ 03 KGT-CDE PlC XXXX .
1_I —
LI ,iI O3 REGNO. S

U 
-~~~~~~~~~~~~~~~~~~~~~~~~~~~ 05 YR-PRO PlC 99.

- -~ 
- . - - : ~ 

05 REST PlC X(6)-.

I:] 
BASE PlC XXXX.

03 EQV Plc 999.

[ii 05 BUM-M,P PlC 999999 .

El
. 03 CUKILE PlC 999999.

03 AGE-EXP PlC 99.

[II 
03 LIFE-EXP PlC 999.

03 KAN-1R8-O PlC 9999.

13 PROCEDURE DIVISION. 
S

F 
SORTING SECTION.

U - 010-BEGIN.

II SORT SO-DISK ASCENDING MGT-CDE 
IN 5-REK

ASCENDING YR-PRO II S-REX 
S

I INPUT PROCEDURE IS GET-REX 

S

- OUTPUT PROCEDURE IS GOT-REX

I STOP RUN . - 
-

I S

I _ _  .5 ,5 .- . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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II GET-REX SECTION.

o 010-START
U S 

OPEN INPUT TAPE-IN.

El 020-SW.

MOVE 1 TO SW1. S

U MOVE SPACES TO S-REX HOLD-REC.

OSO -READIN.
Li READ TAPE-IN END CLOSE TAPE-IN WITH LOCK

13 GO TO 090-END. 
S

040-WORK . S

El IF SW1 = 1 PERFORM 050-SETUP TO GO TO 030-

II READIN.

S IF REGNO IN. TREC-1 REGNO IN HOLD-REC

U PERFORM 060-FIGURE GO TO 030-READIN.

IF MAN-HRS-O IN HOLD-REC EQUAL 0 OR SPACES

13 MOVE 1 TO SWI PERFORM 050-SETUP GO TO

U 030-BEADlE. S

MOVE CORE HOLD-REC TO S-REX

El MOVE YR-PRO IN HOLD-REC TO YR-PRO IN S-REK

GO TO 040-WORK .

El 090-END.

r 
MOVE COBB HOLD REC TO S-REX

Ii MOVE YR-PRO IN HOLD-EEC TO YR-PRO IN S-REX S

RELEASE 8-REK.

-S 5 55 5 - 5~ 5 SS ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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LI GOT-REX SECTION.

U 010-START. 
- - 

- 
-

S

OPEN OUTPUT CRD-OUT.

13 020-WR!TOTJT. 
-

MOVE SPACES TO CRDREC.

13 RETURN SO-DISK END GO TO 080-END.

030-DO.

LI SUBTRACT YR-PRO IN 8-REX FROM 76 GIVING AGE .

COMPUTE A-L-EXP = AGE / (AGE-EXP IN S-REK - S

- 

YR-PRO IN S-REX).

13 COMPUTE M-L-EXP = ( CUMILE IN S-REX * .ooi)/ -

U (LIFE—EXP IN B-REX).

MOVE COBB S-REX TO CRDREC

U WRITE CRDRE C
I

GO TO 020-WRYTOUT.

El 050-SETUP.

MOVE CORE TREC-1 TO HOLD-EEC

11 MOVE MIL-PER TO SUM-K-P II HOLD-EEC

I MOVE MAN-IRS TO MAJ-HRS-O IN HOLD-EEC

MOVE 0 TO SW]..

I 060-FIGURE.

I 
MOVE CUMILI IN PREC--1 TO CUMILE IN HOLD-REC

ADD NIL-PER TO SUM-K- P IN HOLD-EEC

I
I
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II ADD MAN-HRS TO MAN-RRS-O IN

13 080-END.

CLOSE - CRD-OUT WITH RELEASE.

13 END-OF-JOB.

El This px ogram produces a data card with the fol-

lowing elements:

Column 1-4: The vehicle type code

U Column 5-6: The year ~the vehicle was purchased

Column 7-10: The code for the vehicle’ s location
iiLI Column 11-13 : The assigned vehicle equivalent,

Column 14-19: The mileage/hours accumulated in the

[1 
last year

Column 20-25 : The total mileage/hour s accumulated

H on the vehicle

Column 26-28: The age of the vehicle

[1 Column 29-31: The amount of the age life expec-
- tancy of the vehicle used (percent-

ii 
age)

Column 32-34 : The amount o~ the mileage hours lifeexpectancy of the vehicle used ( per-

El centage) S

Column 35-38: The direct maintenance manhours me-
cumulated in the past year.

Initially, there was no notion of the type of

U relationships that might exist. Certainly, logic and S

0
II
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II examination of the vehicle management report suggested

II that condition and use would be important, as well as

location. When -put on a graph, though, the extreme van -

U ance of data did not indicate any clear relationships, ex-

cept for showing that use of older vehicles declined.

U With no clear direct ion , all of the variables - 
-
‘ 

.

U were tested, using straight--line and curved models. Van-

ious combinations were tested in multiple regression

13 models, although it was obvious that covanian-c-e would lie

a problem.

III For instance, it is the policy for vehicles to

13 be rotated on bases according to use, so age and total

mileage would naturally be highly related. Another ex-

13 ample is that age, and the condition codes that reflect

the degree of lifetime completed based on age would be

13 highly related. The same fault affects total mileage and

conditton codes that affect lifetime completed based on

Ii mileage .

II Despite these problems, an across the board

analysis vms conducted. The regression program, SPIT,

I -
S - - available in the OMNITAB II system was used. The nota-

tion for a straight-line equation is Y = B~ + BiXi, where

I I would be manhoUrs, 
~~ 

would be a constant and B1 the

I L
I
I
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II 5 - ooeft~~e-~t f Or - the ~a~i~ble -beiflg tested~ In the in- ’

tepest --of - ’bz’.-+it~, only the -summaries of data will be

shown for pertinent variable..

13 5 
- 
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- The most informative description is the R2

S (Coefficient of Determination), since this shows the

II explanatory value of the regression equation. The “F” S

value-~-ie an indication of the significance, or confidence,
LI that can be placed on the conclusion that there is a

Iii relationship. The -very high “F” value obtained with

S fairly large samples indicates a confidence much greater

ill than 99 percent . Due to the bulk of data, pure error

was not calculated. In some cases, such as when vehicle
- LI age was used as an independent variable, there were many

11 repeat observations and pure error could have been used

to form an estimate of b~ . It is entirely possible that a

13 given model is not the best possible model. Hopefully,

the ease of computation , and the aufficiency ..of the model —

U overcome this defect.

0 The first variable tested was vehicle equiv-

alent, using a straight-line model. This is what is

0 currently used in determining manpower when comparing

manhours on the basis of observed work samples, and
0 ~~~i -

U vehicle equivalents at each base. Using a sample of

o
I

S 
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1158 vehicles from a cross section of vehicle types, the S

— following result was obtained: -

Standard Deviation

13 Column Coefficient of Coefficient

10 
- 24.058532 4.3573090

li 19.306102 5 1.2051150

Residual Standard Deviation 87.311481

El Degrees of Freedom 1158 - 2 = 1156
Residual Variance 7,623.2947

.18167672

13 Column Sum of Squares

7668531.8
Ba. 1956477.7

Li Residual 8812528.7

H Total 18,427,538

LI - 

= 7623.3 F=256.64

[ill The low B2 value seems to confirm previous con-

H 
clusions that vehicle equivalents is a poor predictor of

maintenance manhour requirement . If this study has no

Ii 
other value , it should provide support for the rejection

of this determinant from manpower requirement development.

[] When testing other variables, it became im—

El mediately apparent that samples taken across the board

from all vehicle types would lead to erroneous results.

El For instan ce, a comparison of 10.-year-old trailers and

U
U
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90II s imila r forklifts would show a high difference in mainten-

sf05 requirements based solely on function. Therefore,
U other variable. were analyzed within vehicle types, rather

than across vehicle type..

The results were not encouraging. While there

D was often a strong relationship between predictors and

manhours, none consistently met the USAF standard for B2

U of .5. In fact only occasionally did 
~.z predictor meet

U this standard. After 64 runs, using only four vehicle

types, no pattern was fOund that always described a signif-

El icant relationship; the best predictor was a straight-

II line, multiple—regression model using age and mileage hours

within the last year as predictor variables.

Management Code B2

3—152 .4173
U B-204 .3551

C-322 .2541
L-273 .0563

This confirms an observation from the vehicle

management report: there is a great deal of variability

in data . Despite the fact that large samples were used,
U the variability prevents developing a clean model . Vehicle

types with very small sample size would show eve n more

variability.

II
II
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[I it is possible that although each individual

vehicle type cannot show a significant relationship, the

LI fleet a. a whole can. Using the following relationship,

El residuals were analyzed :

U ~ 
(n~?)2 )- ~ -

n
Ii (aff)2

LI
The result was an R2 with an acceptable value of .59. But,

it was noticed that recent usage alone had nearly the same

fl 
explanatory value. The slight increase in the R2 value

might be caused solely by addition of an additional van-

[] able. The following data ’imre used in this calculation. S

Xanage:ent EY~ NY

3—152 246 358394 1421411 11989

Ii B-204 385 59 803 1003325 14442

fl C-322 106 267274 1063369 19129
U 

L—273 150 2676994 7720065 ~~~70

El 867 3698465 11208169 51630

El
El

L________________________________
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LI This produce. an R2 value of .545, which is

El lower but still acceptable. As more vehicle types are

added, the Ba value can be 6xpected to rise.

III . This result is in agreement with the obeerva-

tion of the vehicle maintenance report, which shoved

111 that usage-modified manhours (columns 3 and 6) narrowed

iii the variance of the data.

The usefulness of this finding is subject to

fl some assumptions. It is possible that a regression

equation could be made for each vehicle type, but the

El fleet, as a whole, would point the way toward more ac-

LI curate . manpower determinants. There might be consider-

able variation and possibility for error on any given

[j vehicle type. This would be especially true for unique,

small sample-size type vehicles.

[1 The primary drsvbsck i. that many sehicles

El have no measurement capability. Par these vehicles, no

regression equation would be possible. Fortunately,

U these vehicles generally have small maintenance re quire-

ments and little variation . Manpower for these vehicles

El might be developed from a simple average manhours per

vehicle basis.

B 
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It should be noted that the raw data had many

El errors. “Garbage in, garbage o*t” has been a freque nt

complaint of reliance on computerized data systems, and

U VIMS data appear to be no exception. Nearly 20 percent

of the data were unusable. Thi. inaccuracy level viii

I] have to be improved before a reliabte system can be used.

11 Further, it will not take long before shop personnel at-
LI tempt to inflate work order manhour reporting, since thi s

U will tend to improve manning.

- 
In spite of the difficulties, it appears that

Ii a near-autOmatic self-adjusting , computerized method for

determining vehicle maintenance ma npower requirement s can

be developed. It is clear that thi present determinant

[1 
is both inaccurate and inadequate; therefore, the proposed

system, despite certain problems, will be an improveme nt .

[11
U
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LI SUMMARY AND CONCLUSIONS

Ii
An inspection of the vehicle ma intenance shops

U at most USAF bases would show a great deal of act tvity .

U -It might  well be a high-speed production line . The ve-

hicles on the base do not show this degree of care . This

U seeming incongrui ty  could be explained by an inadequate

vehicle pr ocurement .  program and an underqualif ted , under -.

El manned maintenance complex .

El The vehicle procurement program has suffered

from imbalances caused by the Vietnam War , ot er programs

El competing for l imi ted  funds, and congressional restraints.

The manning problem is caused by an inaccurate method of

11 determining manpower requirements . -An undermanned shop

U 
produces morale and retent ion d i f ficu l t ies, while the con-

di ttoO of the vehicle fleet deteriorates . A shop may-

11 never be manned properly unti l  the methodology of measur-

ing -manpower reqt iirement s is capable of determining the

0 actual needs of the job .

It has been ehovn that ma ny fac tors influen ce

II manpower requirements . The divis ion of authority  between

II 
.

9’
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II base level mabagers , the program manag ers at Warner-

Robbi ns APE, Geor gia, policy reviewers at Headquarters,
LI Air Forc e Logistics Command at Wrigh t -Patterson APE , Ohio,

El and Headquarters , United States Air Force at Washington ,

D.C . tends to di f fuse  responsib ility. There ii also a

div is ion  of authori ty  at several levels between the func-

U tional areas of Transportation , Supply , and Maintenance .

Even if effective coordination were achieved with all of

these USA? logistics activities, there would be -difficul-

ties caused by other procurement agenc ies. Four separate

El organizations procure USA? vehicles, although the General

U 
Services Administration is by far the most important.?

W ith different organizational goals and different informa-

U tion systems from the USA?, it is no surprise that mainte-

nance manpower often suffers from many vehicle buys.

III Specifically, there are too many types, makes, and mode ls ,
while the specific choices of vehicles are made on theII . basis of low initial coat rather than lowest overall cost.

B Since maintenance manpower is a very -important component

of overall cost, the us e of externa l procure ment agenc ies

U tends to increase maintenance needs .

The organization most responsible for determin-

El tag ma inte nance manpower is Man agement Engineering .

El
0 
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II Currently a management engineering team devoted entirely

to transportation units is being estab lLshed at Dover APE ,

Ii De laware . It will be thu r task to develop manpower stan-

dards and apply them to all transportation ac t iv i t ies

• throughout the world.
- F lU The application of sta~idards can be fairly simple

- U 
. 

if the manning determinant is both accurate and capable of

easy calculation. The current  determinant , vehicle equiv-

U alenta , sat isf ies the latter requirement , but there is

doubt ab out the first. The basis for the current standard

Ill was the high correlation between the number of vehicle

El equivalents and the manpower (as measured by work sampling)

needed to maintain the fleet at sample bases. The cx-

- H tremely h igh correlation of several potential workload

determinants, such as vehicle, authorized or assigned,

U suggests that it is the constant value (the 
~~ 

in the

U 
stra ight line equation y a B0 ..s liZ) that has the major

explanatory effect.

U The fault with using vehicle equivalents is that

it describes a fleet &t a given moment in time . If the

fi distribution, age , mileage , condition, com pos it ion, loca-

tion , or use of the fleet changes , the manpower deterains-

El tion w ill no longer be accurate .

‘I
I
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Extsting USA?- ma nagement reports and regression

B 
analysts of the vehicles in Air Force Systems Command and

Air Training Command ’s fleets show that the above factors

El are clearly important . Pe~rttcular vehicle makes were not

extensively investiga ted, since most vehicles of a partic-

LI ular management code and year are the same make . Location

U 
is thought to be very important, although no device was

discovered for including it in a methodology for more

U accurately determining ma npower r equirements .

Regression analysis showed tha t the manpo~ er re-

[1 quirement s for the fleet , if not ind ividual vehicle types,

I 
could beet be estima ted by the amount of use generated

L wi th in  the past year . Each vehicle type would have its

[j separa te es t imat ing equat ion.  Each base , wi th  a unique

collection of vehicle types and usage rates , would then

[I have a tailored manpower level s Sinc e such a system could

be computerized and semiautomatic , this system would sat-El isfy the requirement for ease of computation.

U The data for the system come from the existing

VIMB data base. Since the manhour reporting is for direct

U l$bor , an adjustment  would be necessary for indirect labor

requirements.

El The new transportation management engineering

team , no doubt, would be able to greatly refine the system

II
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I presented -here ,.- but even if they should reject this pro-

posal , the f inding of a lack of validity of the currently
U accepted standard requires that it be changed .

U While this study has looked extensively at’po-

tential problems , solutions have not received as much

Ii at tent ion, partly because they are so d i f f i cu l t  to imple-

El mer i t .  If Congress were completely cooperative, and there

were no overriding competing uses for funds , the fleet

U coul d be modernized.  Realistically , the proposed USA?

vehicle buy -program for 1976-78 is probably the bea t  solu-

LI t ton  to the problem of an aged f leet.  Users should iden-

• U t ify  vehicle requirements in suff ic ient  detail that  GSA

• or other procurement agencies would buy the correct ye-

hid e , but the proc urement agencies must  deal wi th  what
- 

in format ion  is available . The users have little idea of

how the unknown features of available vehicles w ill, affec t

their  miss ion .

LI The procurement agencies should make buy dcci-

sions based on total cost, but there is no way for them -

to know wha t the total costs are , especially for new mod-

els.

-/ Vehicle requirements should be based on need ,

I but the ab ility to jus t i fy  is a more important factor on

1
• .• -
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buy decisions, and there are few objective means to eval-

fl uate vehicle requirements.

There should be no competition for management of

U vehicles among various functional areas, but realistically,

reductions of management positions and prestige are high

Ill hurdles for consolidation of vehicle responsibilities.

El The list could go on, but the real objective of

this study is not only to identify problems, but also to

U suggest solutions. In doing so, it must be recognized

that a value judgment is being made , i.e., a solution to

II one problem comes at a price in terms of its effect on

Ii 
other problems .

In the area of procurement , it must be reluc -

U tautly concluded that the effect of retaining older vehi-

cles beyond their projected life is mostly mission-

El oriented. Older vehicles appear to require less total

maintenance, not because the vehicle is not breaking more

Ii often, but because it is being used less often . The new -

vehicles are being used more intensively . In terms of

policy, this suggests that, if budgetary restrictions pre-

U v ent rep laceme nt, older vehicles should be retained bey-ond

their “economic life,” rather than just doing without or

El rationing never vehicles intensively . This is the current

U
El 
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Ii USA? procedure . It is often criticized , but appears to be

a reasonable, valid decision . It does not mean that total

cost could not be lowered b . increased new procurement ,

• 
U 

but that it is the best interim decision until the fleet

can be upgraded . - -

II Procurement could be improved. There are en-

U 
tirely too many vehicle types and makes. The types could

be reduced by a greater screening of requirements .

El Further, the relatively unique vehicles could be consoli-

dated, as could vehicle makes. By making all, sedans at a

given base a given series , say 1971-73 AMC , the supply and

maintenance coats could , be lowered. Similarly, a multi-

year buy is desirable. There are definite advantages to

large buys of similar fleets. The airline industry is now

learning that the advantages of an all-Boeing or all-

McDonnel-Douglas fleet outweighs any temporary advantages

of good financial deals or slight performance edges that

might produce a mixed fleet .

The temporary. procurement-management actions
t~i

• . should be to consolidate type-models as much as possible .

New buys should satisfy multiyear requirements , or should

give special emphasis to makes already in the inventory .

U It has to be recognized that this policy can be criticised

11
I
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II as being “favoritism,’t since it aids manufacturers already

Ej in the system. But if a manufacturer were to change makes

or designs extensively, the advantage would be eliminated ,

U and “open~ bidding would again be appropriate . Government

fleet purchases would not be so important as to discourage

II innovation , but it would encourage manufacturers to con-

El a ider commonality . GSA is supposed to consider total

cost, and the eviden~ce is clear that large numbers of

H similar vehicles lover supply and maintenance costs. If

necessary , USA? should specify vehicles by make/model (or

1 . design specifications so specific that only t.he desired

., make/model could qualify) in order to insure that outside

LI - procurement agencies only purchase vehicles that proyide

the commonality with the existing fleet. If the manufac-
- 

turer raises the purchase price to unreasonable levels, or

[] - the vehicles are of unacceptable quality, USA? could al-

U 
ways go back to open bidding .

Even consolidating , screening, mass-buying, or

[] modernizing will not make maintenance manning accurate .

These actions may reduce maintenance requirements and,

El perhaps, the total cost of owning the vehicle fleet, but

correct manning, with all of the advantages of increased

El retent ion , morale, skill, and condition of vehicles , must

II
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await a new methodology of determining manpower require-

II merits. While the present method is plainly inadequate,

the var iab ility of vehicle characteristics makes any eye-

El tem susceptible to errors , The high correlation found in

:1 the 1967 study between manpower required and vehicle equiv-

Eli alenta appears to be caused by a high constant term . The

extremely high correlation between nearly all, factors re-

lated to fleet size, in numbere , and manpower show s that

H the composition, make, age, condition , use, or location of
the fleet had little impact at that time .

Without questioning the accuracy or conclusions

of the 1967 study which formed the basis of present man-

Li power authorizations, it can be stated that other fa~ tors

r do influence maintenance manpower today. The location of

a vehicle is very -important. It can be seen from the con -

[j 
. 

- siderable variance of manpower requirements by vehicle

type from command to command . Unfortunately, the cause

[I for locational differences is difficult to identify . It

[I 
could be caused by poor roads, difficult terrain, mission ,

- 
• location near salt water, climate , traffic eongestion/

U hazards, availability of an English-speaking workfo~ce,-a1-

ternattve transportation capability, or many other fac-

El tora . The data axe not in the V1148 data base, so it -is

II
1 
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Ii being reluctantly ignored . Certain areas, suc h as Alaska,

El supposedly do receive additional manning because of loca-

tion factors. Such is not always the case . In the Pact-

fl fic area, many bases-have local national workers who,

through language difficulties or social customs, do not

U have the same productiv ity as U.S. technicians.

U
- The Vehicle Integrated Management -System data

base does provide information on total use, rate of use,

U age, and measurements of usage compared to expected life-

time . Some vehicles do riot have this full data base,

El since usage is not reported . Fortunately, these vehicles

U 
tend to have low and relatively stable maintenance re-

qui rements .  Other vehicles have a full range of tnforma-

U t ion . Age and total mileage/hours tend to be highly cor-

related due to vehicle rotation policies.  Both of these

LII are affected by a tendency for older/higher mileage/hour 
-

U 
vehicles to be less intensively utilized . The single best

predictor of maintenance requirements is the degree of

fi recent usage. This is partially understandable since many

rout ine inspection or serv icing ac t iv i t ies  are also tied

fi to the rate of usage .

Despite other influencing factors and the ef-

II fects of variab ility on any given vehicle ty-pes, the rate

II 

, ,
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I of usage provides a viable means of determining manpower

fl requirements for vehicle fleets. Although the system is
ii not perfec t, it is at least better than the present system.

0 A proposal for cha nge in manpower determ ination

must be more accurate and capable of be ing updated easily ..Ij The following steps would be necessary for such a tailored~
to-type system:

1. The VIMS data base must be more accurate . There

are presently far too many errors to automatically

process the da ta by computers .

2 .  Each base or report ing location will have to pre-

pare a report similar to the one used in this
IL study . Since this involves data already in base

level data bases, the report invo lves a minor ,
- 

one-time programming problem , af ter  which each

1_i base could provide the data with little effort..,U • 3. The recipient of the data (USA??, APLC ? , WRALC/
NMC ?, MET?) would send each vehicle type through

El a regression routine . Although OMNITAB II was

used in t hi s study~, the U8AF statistical package

U contains a compatible system. The manpower re-

qu irements for vehicles which have no usage data 
-II could be estimated by a stapl. average . Other

1
I
I
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El vehicles would be included in data that produces

a regression equation . After the estimating

equation was made, each base would be analysed,

~~

• U using the usage data for vehicles at that base. I
- 

• 
Comb ined with the average manhours for vehicles

Eli with no usage data, a total direct manhours per

El base would be the result. .

Li 4. The direct manhours would have to be modified by

U the indirect manhours needed for cleanup, super-

v is ions , training, etc . This total would then be

[1 conv erted to man power , depending on whether miii-

tary or civilian reBources were used.

Urider this tailored-to-type system, if new vehi-

d e s  entered the fleet, manpower requ iremen ts would beLi
reduced . If retention and skill levels increased, man-

[~ 
power would automatically be reduced. -If complexity of

vehicles increased, manpower would automatically be in-

creased.

- In shor t, a semiautomatic, accura te sys tem can
be developed that prov ides the beat estimator of manpower

[j requ irements , regardless of the condition or composition

of the fleet at any base. Further, throu gh simulat ion,
U vehicle managers can determin e the effects of procurement

II
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II and vehicle management actions. This, in turn , can affect

disposition and buy positions . -

U This paper has reviewed a complex situation. It

0 cuts across the responsibilities of many -agencies, many

leve ls of c omman d, and many functional disciplines . -Per-

El hap s it is because the interface is so multifaceted, while

U 
the responsib ilities are so diffused, that the vehicle

fleet, and particularly maintenance manpower, has .had

U problems that have proved difficult to resolve. Some of

the problems may be unsolvable; others may be solved with

U the cooperation and goodw ill of all interested parties.

U 
The analysis presented here is based on avail-

able data , and necessary assumptions. More complete ‘in-

H formation would perhaps alter some of the conclusions. It

is hoped, though, that this study wtl,l spur serious thought

[1 in considering the relationship of the many factors, and

U 
the eventual change, of the system . to better maintain the

vehicle fleet at the lowest coat.

U
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0
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El A-I 5-U

Mesa

U coes Avsrsgs A,.rs$.
Innntorp Manhours p.r Averag. In~sntory Marthours p.r Av.rsg.
sic. 1000.*1.s/ Manhours Sic. 1000 11u sd Manhours

U
. 100 Hours 100 Hours

Vshicls EquJ valsnt--O.1

5431 --- 1 s/aF- £430 --- - 38 I/A 4 .6[ L426 4 N/A 4.5 621 I/A 9.8
c~25 --- 2 N/A 2.3

H 
V hlol. Equuval.nt—-O.2

Li 5450 5 I/A 2.9 592 N/A 34

V.hiol. Iquinlsnt--0 .3

H D665 --- $ I/A 31.7

- 
Yshiols ZquuTsl.nt--0.4

U ~~~~
_ 09 28.9 91.7

1.486 5 I/A 11.6 262 H/A 9.6
5420 3 I/a 17.6 86 s/A 12.8
0400 2 I/A 5.7 306 5/A 7.6LI 1401 --- 358 Il/A 33.2
1.461 9 P/A 21.8 10 5/A 36.1
3407 --- 227 s/A 19.9
$109 1 I/A 51.5 679 s/A 16.1

I] £454 --- 493 I/A 6.3
1.486 9 H/A 0.7 76 Il/A 5.8
5409 5 N/A 8.1 193 H/A 17.5
5407 3 I/A 36.2 190 I/A 20.9
5411 2 I/A 1.0 23 I/A 32.411 1.488 1 I/A --- 29 s/A 8.6

Li 1448 --- 23 I/A 11.1
123 I/A 19.4

~cJ . ‘36 N/A 20.1
n L437 1 I/A
I I  1377 2 I/A
U 5409 --- 0 H/A 2.7

0405 --- 37 N/A 9.8
5437 2 I/A 8.0

fl 1417 --- 59 N/A 23.0
Ii 1411 1 N/A 12.0 185 N/A 34.7

1499 1 I/A a--- ’ 74 N/A 12.5
1474 7 I/A 4.6
0438 --- 07 N/A 30.2

II 0440 --- 12 N/A 29.2
LI 0486 --- 6 I/A

£462 S N/A 15.3 223 I/A 4.7
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A4 5-U

- L I  Msnsgswt
coe. A,.rs., A~ez’sg.

Invantory Manhours p.r Msrag. Invsntory Manhours per Aiez’sgs
811. 1000 Mi1•s/ Mc.hours B u s  1000 Mil.s/ Manhours

[1 100 HOurs 100 Hours

0490
11 1442 1 I/A 2.0 50 I/A 10.0
U 1.467 --- 8 I/A 0.6

1.460 1 N/A --- 10 I/A 27.].
1.470 4 p/A 3.5 5 I/A 4.0
1.469 9 I/A 4.9 7 I/A 2.0

U 8443 2 N/A 10.0 20 I/A 9.1
0437 27 I/A 1.7
8447 2 I/A 11.0 26 I/A 19.4
1444 --- 7 I/A 11.9

II 5444 6 N/A 15.1 21 N/A 6.3
LI 8412 -.. - 0 N/A 36.6

1865 1 I/A 3.0 17 I/A 11.6
0455 --- 22 I/A 17.1

1] YshIci.

D682 2 I/A 2.8 101 I/A 8.9
D685 --- 15 1/1 14.7

Ii D717 38 I/A 10.1 49 I/A 8.5
D719 --- - 6 I/A 16.2
D718 20 I/A 21.6 38 - I/A 14.9
D721 --- 11 I/A 15.8
0688 1 5/A 3.0 17 I/A 5.0
0999 3 I/A 14.4
0686 2 N/A 10.8

Vahiols IqutIalsnt--0 .6

I 1,397 20 I/A 10.6 13 I/A 14.9
L412 4 I/A 2.6 6 1/8 6.0
0407 --- 10 N/A 2.8

U 8423 2 I/A 3.5 279 N/A 21.7
0419 1 I/A 100.5 3 I/A 56 .0
5423 61 I/A 9.5 5 1/8 11.9
1.396 5 103.6 25.5 4 7.8 47.7
1.406 20 I/A 28,8 31 1/A 320

Ii 1.414 4 N/A 1.6 5 I/A 3.3
4 U 1.410 2 I/A 4.0 3 I/A

1398 16 1/* 9.0 25 I/A 5.5
1.399 --- 0 15.9

11 0993
I I  0979 — —— 1 I/A
Li 0995 --- 32 I/A

0997 20 I/A 0.0
0400 1 N/A 20.8 10 1/A 4.6n 0414 --- 4 1/A 8.4

Ii 5570 13 31.3 112.3 07 33.3 1*1.4

II
I
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II Msna&~~~~~Ooe. A,s,sg. Avsrsg.
In~’sntory Manhours p.r Ausrag. Znnntory Manhours par Avsra$s

l u .  1000 Milss/ Manhour’s 81.. 1000 JSulss/ Manhours

LI 100 Hours 100 Hours

El 
Vshlo]s Z8ui,slant--1 0

1101 6 2 .8 20.9 10 4.7 24.4
1102 4 20.4 32.1 19 4.6 16.7
5109 6 5.4 8.9 10 4 .1 7.8

[I 1104 650 7.2 60.1 1504 5.9 45.1
1152 504 5.9 61.4 1086 5.7 56.2
5100 3 57.3 35.2 27 53 15.4
0157 244 - 0.1 41.7 271 8.3 38.8
5186 13 8.7 04,5 3 10.9 78.9

fl 1.160 cs.~ 31.5 11 127 .2 119.5
1176 1976 12.7 75.2 2167 7.3 59.2
1274 2 78.1 34.0 1 2.4 1.0
5193 92 5.6 66 .3 125 2.6 52.5

H 1153 6 10.0 113.6 12 18.6 95.5
1177 1
1.260 4 41.1 38.3 1 128 .6 27.0
1.157 2 36.3 4.5
0109 --- 40 7.6 153.7

fl 2 25.9 27 .9 12 11.1 9.3
1204 4155 7.3 52.6 5532 5.2 52.4
0260 110 17.4 71.9 222 14,3 63.2
3100 11 13.6 69.8 6 1.7 2.0
3217 1120 8,9 68.7 840 6.6 55.0
1209 1564 10,2 54.2 1712 9.2 46.6

• Li 3261 279 ‘8.3 37.9
3185 200 9.1 62.4 526 6.8 61.8
3202 4262 9.2 28.4

- 0166 1 12.1 30.5 3 22,1 12.7
1,433 •-- 1 N/A 12.0 .

- 0750 --- 1 1.5 11.5
5606 8 I/A 32.8 217 H/A 47.1

ri 5620 13 I/A 34 ,2 112 I/A 34,3
II 0590 --- 1 I/A 4.0
Li D7~0 7 87.9 93.6 5 46.9 43.1

D709 2 .1/A ‘7 .5 12 I/A 14.1
5702 23 I/A 26.7 81 I/A 18.8

U D775 --- 1 3600.0 36.0
5687 3 I/A 30.8

— $~27 4 9700.0 24.3 9 1887.5 8.4
1999 -~~~- 9 25,3 6.4
8010 4 244  17.5 38 16.2 32,8

II 1011 --- 17 12.2 24,0
U *001 296 10,4 43.3 1258 9,6 49,8

#906 3. 2 ,1 1.5 1 49.7 16.4
1900 24 1.3 . 7.5 13 57.0 27,2

I
1222 1009 11.0 57.9 906 8.0 58.9
1000 10 12.5 30,5 -

I 
--- - - ~~‘-~~~- ..- —-~
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II Code *v.rag. Avsrags
Invuttory Manhours pu Aysrsgs Invsntory Manhours per Avsx ags

11 Site 1000 11u s$,’ Manhours 5115 1000 Muls$/ Manhours

LI 100 Hours 100 Hours

ll 
Vihicis Iqulvalent--1.5

5157 19 9.9 86.5 115 14.2 61.2
33.00 28 6.8 56,9 166 5.5 32.9
8164 160 27.8 50.9 258 21.4 34.5

ii 3165 --- 17 9.1 50.5
II 1158 2 5.8 443 102 11.1 52.1
LI 5237 119 8.7 49.2 493 13.6 46.6

5199 390 11.0 30.4 546 13.3 39.7
3174 2 7.0 30.3 23 5.8 25,3

1~1 
3368 15 9.8 22 .5 1 6.2 32.6

Ii 3169 12 6.5 21.3 1 8.2 29.0
5648 141 11.7 51.5 592 23.6 55.3
0645 16 5.9 23.2 29 7.9 35.0
5660 4 I/A 17.4 41 I/A 10.9

11 5659 -.- 4 I/A .7.0
0661 4 I/A 31.6 1 I/A .7.0
5665 --- . 8 I/A 31.7
5604 5 76.9 15,1 47 20.1 54.8

fl 5605 2 I/A 13.9 92 I/A 17.5
1850 1 15.1 88.9
1873 2 2,0 1.1
1890 --- 3. 39.9 51.5

[I 3893 4 21.0 37.1
1833 61 8.9 43.1 10 6.0 55.9
3874 3 18.9 2.8
3957 18 61.]. 58.1 99 11.1 47,8• 2827 3. I/A 7,7

fl 1060 2 33.3 39.9 38 26,9 91.1

U 1825 ~~- 4 331 17.0
5730 1 I/A 166.0 3 I/A i.e
5722 1 N/A ~2 6  11 I/A 26.4
3921 3 105.4 16.2 1 - 385.7 27.0

U 1922 2 40.7 12.0 1 5200.0 52.0
1920 --- . 1 I/A 95
3842 29 4.3 24.7 149 8.8 255
3855 7 13.6 26.5 21 9.9 22.0
1031 214 19.5 83.2 433 18.2 77,4

II 1Q54 2 30.4 72 .5 .41 21.5 28.7La 3034 95 10.5 61.8 322 14 .8 52.7
3063 1 9.3 75.3 84 12 .9 49,4

I *532 281 11.8 58.5 666 13.2 63.9
3535 2 103.5 82.3
1841 13 7.3 243 249 9.9 34.2
1966 18 22.4 92.0 446 19.9 117.2
1952 140 13.7 68.8 23. 17.2 63.4

1 *044 --- 10 5.9 62.7

• 
1530 209 7.8 46.5 424 82 59.0
1820 10 32.9 146 .0 42 28.5 81.6
1967 56 7,2 53.1 99 6.2 48.8

I 1095 --- 36 it/A 18.7
3960 —-- 154 17.4 104.9

I -
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Ft A-J K-U

Li Management
Cods Average Average

El Invintory Manhours per Average Inventory Manhours per Average
Sit. 1000 Miles,’ Manhours 81cc 1000 1111.8/ Manhour

100 Hours 100 Hours

El Vehicis Equivalent--i .6

3113 --- 21 5.1 27.9
3108 15 10.2 - 99.9 24 4.5 73.4
8119 470 8.0 106.2 955 10.1 94.911 5161 --- 5 16.3 10.6

U 5164 2 115.9 37.9 50 26,4 38.3
3110 4 38.2 36.0 4 4,5 26,8
3111 --— 5 13.6 36 .].

fl ~349 --- 2 3.1 81,3

Vehicle. Equivalent--i .7

8199 127 7.0 - 43,4 - 62 11.3 56 .4[I Vehicle Equivalent--i .8

5622 11 37.5 160,7 234 24.8 182.2

[] Vehicle Equivaient--2 .’0

0506 --- 2 110.3 304.2
1.279 --- 67 28 ,6 65.6

[ 5368 13 41.9 . 34 .0 5 100.1 27.4[ 5751 1 10.0 3.0 6 553.1 19.1
5767 --- • 9 I/A 3.5
5787 14 2,1 100.8 5 1.6 106.7

H 5630 --- 17 15.6 25.6
5706 --- .2 1050.0 26.3
0676 5 35.9 . 27 .1 126 33.9 63.9
5678 --- 15 40.1 43.0
5675 1 249.2 94.7

11 5706 10 19.6 36.4 7 62.9 25.7
LI 1925 3 46,3 72 .8 42 18.1 65.3

1902 1 3.9 12 .7 ,39 8.3 31.3
1900 2 57.7 27 .1

U 1904 1 25.2 22 .1
0250 15 56.3 126.0 92 19.5 79,1
1.361 11 I/A 49.3 3 Il/A 76.8

Vehicle *quivalent--2 .2
[] 0165 --- 2 137 .7 192 .3.

Yshicle Iquinl.nt..2..4

[1 1.351 214 3.6 04,3 655 4.3 95.9

LI 
-,-~~
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I A••J 5-U

Code - Average Average
Znvw~oz’y $az*our$ per Average Inventory Manhouri per Average

I Sits 1000 KilO, Manhours Sic. 1000 K11U/ K~~hour1
100 louis 100 Hours-

I Vehicle *qujvalent--2 .5
3139 - -  45 14.2 163.1
3134 24 40.5 153.0 8 16.8 143.5
3129 18 3.6.7 127 .0 560 36.2 130.55300 138 46.4 113.6 185 53.3 120.2II 0207 —.. - 1 -7.3 13.5U 5333 7 17.2 29.9 .. 3 5.3 8;7 41.333 2 224 .0 - 5.0 -~:5371 19 29.1 54.7 181 26 .0 64.9fl 1.107 32 35.5 79.9 36 30.6 83.9

LI 1.108 3 86.4 62 ,5 42 44 .9 89.10108 48 10.9 34.4 75 13.6 40,230 11.7 3.2.1 622 14.8 21.0- n  0307 1 5.4 37.4 12 21,7 85.3.II 1239 . 9  373 34.9 172 16.5 57.4LI 1062 3.95 11.7 43.7 236 13.9 42.01005 3. — — —  — — —  1 — — .  — —a

1050 341 20.1 75.3 371 12.2 67.7D 0155 -—— 1
5322 168 20.4 89.4 380 16.4 85.51155 - 3 1.1 19.7 --a
1.201 6 0.6 10.7 3 3000.0 1.0.ri 1.202 --- 4 16.1 7,6- U  ~~iO --- 2 57,5 93.0

-a- 
. 

4 173.4 55.3
~ 63 2 —a—  

~~~~~~ 2 --- — -—
~ 65 2 33.7 208 11 1.0 3.QI 0267 19 49.7 36,7 34 72.1 23.3U 5647 149 11.4 36.3 13 16.6 36.95641 417 10.9 56.1 1047 9.5 92.95660 - -

~~~
- 037 8.0 46,3n 5009- - — ~~~~~ --- 3 1/A 14.4 . -I I  5624 - . 

- 36 34.4 76.9 163 177 135,8U 5650 - - - 2 150.5 76.4 --- -
*707 --- 1 .‘~~~- --- - ‘

1.101 7 394.9 35.5Ft 0197 --- 2 10.5 60.0U 1,349 5 33.3 9.01232 33 24,3 28.7 35 7.3
0104 7 57.8 128.8 . 80 35.0 129.1

13 3240 00 27.1 50,0 18 9.9 463II *250U 1076 5 11.3 40.2 8 .83 29.4
1060 105 56.1 30.4 325 35.4 41.7

— 1.300 4 9.2 23.4 4 4,3 38.0II -r 2 122.6 16.3U 1054 1 1.2 21.8
-

~~~~ 22 27.6 172.6

I
I

____________________________________ 
~~~~&_~ .~~__ -i—--- .—~ --,
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LI Management
Cods Average Average

Inventory Manhours per Average Inventory Manhours per Average

fl Site 1000 Mtles/ Manhours Size - 1000 Mhies/ Manhours
100 Hours 100 Hours

fl Vehicle Equivalent--2 .7

0161 -a- 62 36.5 146 .0
0301 9 45.5 25.6 12 40.0 57.3
0160 4 14.2 21.6 177 45.9 93.1

El C1Q9 1 --- ---
0200 7 25.3 55,3. 104 27 ,3 40.4

Vehicle Equj valent--3 .0

Ii C338 --- 65 33.3 104 .1
U 1.269 --a 4 146.4 84.1

L278 --- 69 13.3 78.4
L305 --- 2 16.6 11.7

fl 1.315 --- 11 42 .4 29.6
I I  8327 --- 2 a-- --a

0205 --- 3 22.5 3.3
8325 80 33.8 191.0 63 32 .7 228.5 —

f~ 1 j~,3Ø4 16 30.4 82.0

U ia/A .17 .5 is Il/A 63,2
8356 ~~~~~~ 1
0240 --- 41 25.6 50.1
0241 2 67.1 46 ,0 42 30.8 69.8
L270 53 90.9 121 .,9 27 53 .8 100.4

I 8363 3 4 .9 98.3 57 26.8 158 .6~ -
8377 77 11.9 47.3
0242 4 - 225.6 58.9 73 34.7 59,2

U 
8362 160 29.5 96 .9 383 33.8 96 .1
0333 42 .109.1 153.4 16 56.6 116.0
0331 167 42.7 122 .6 335 34.5 128.3
1041 7 32.2 22.4 5 21,9 50.3
8307 8 42.3 32.2

[I 0323 6 16.5 52,6
1033 9 29.1 65.9 74 21.9 48.9
8361 19 36.8 58.1 16 17.8 70.3
1.389 2 Il/A 45.5 146 N/A 8.9

El 1.500 --- 16 15.8 105.8
0754 --- 3 14.8 63.5
5762 --- 16 53.6 34.8
0769 --- 25 66 .5 99.3
5763 3 - 70.5 5.2 11 312 .1 59.6

11 5765 1 a-- 12.2 11 53.6 4.8
II 0768 --- 13 33.4 24 .1
Li 0766 9 N/A 3.5

5732 --- 18 28.3 45.7

El 0715 2 N/A 12.5 10 N/A 7.9
5777 --- 10 96.7 85.2
0720 5 212.3 66.2 65 28,8 47.1

El
II

— -~~, ~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ ~~~~~ - --~--~~-~~‘.‘ ~~~~~~~~~~~~~~~~ _________________________



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

~~~~~~~~~~~~~~~ , - -~~~~~~ ~~~~~~~~~~~~~~~ 
-
~~~ 

.—- . - -
~~ 

.- 
~~~~~~~~~~~~~~~~~~ 

-

~~~~~~ - . - _ _ _ _- -

~

-,- - -.  ~~~~~ 

I
I
1 115

II 
A-J K-U

Management
Code Average Average

Inventory Manhours per Average Inventory Manhours per Average
Size 1000 Miles! Manhour s Size 1000 Miles! Manhours

100 Hours 100 Hours

0783 a~~~a 1. 3533.3 53.0
Ft 0761 - 2 N/A --- 2 N/A 0.5
[1 5760 3 N/A - 20.3 21 N/A 34.9

5956 --- 151 29,2 67 .5
*062 1 26 .2 41.2
1.999 1 2 .1 0.5

II 1.149 —-- 127 23.4 81.1
[1 0324 --- 1 20.9 74.5

Vehicle Equivalent—-3 .5

fi B141 21 38.4 89 .6 69 67.2 102.2
0170 38 16.2 162 .2 85 10.3 112.0
0181 79 4 .1 202 .3 39 3.1 152 .9
0113 --- 53 40 ,7 145.9

U’ 0182 1 --- --- 2 8.5 158.7
C176 2 654.0 244 .6
03.83 20 3.3 .3 81.2 54 21 .3 87.8
0306 1 1.2 72.5 14 21 ,0 114.8

El 0211 - -a 82 14.7 109.9
0120 a a  8 50.3 202.5
L376 35 N/A 59,1 68 N/A 44.7
L374 12 N/A . 59.3 1 -N/A -

F- L362 52 N/A 52.6 6 N/A 79.5
1.391 16 N/A 6.5 16 N/A 21.8
L390 1 N/A 3,0 22 N/A 15.0
1.363 4 N/A 511 20 N/A 36.0
1.382 --- 14 N/A 26.4
L385 --- 11 N/A 5.5

- 4 - 0655 82 31.0 144.4 286 17.8 104.9
1-~ - - 

0669 3 1033 .3 20 ,7 40 39.5 56 .6
- - . - 

- 5668 --- 3 37 .0 63.3
-
~ ~~~~~

_ 0656 --- 4 13.2 70.8
I D731 3 34.1 38 7 287 67 .9 113.0

0582 43. 49.0 121,4 123 67, 2 94 7
- 

0583 19 58,3 - 78.3 286 51.4 205.9
1731

I L126 82 6.8 98.0 :33 7,8 120 .3
1.418 9 N/A 72.7 55 N/A 79 .5i_I L3.25 60 - 5.6 83,4 77 14.1 147.2
L133 2 11,2 112.0 127 5,2 90 .2

El L130 -- - 123 15.8 170.8
1.124 --- 1 66 .8 272 .0
L139 110 16.0 279.6 90 17.3 426.7
1.416 3 1/A 44.1 44 N/A 109.7 —

1.387 --- 5 --- 5.5

Ii
•

ll .

El
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El
El *4 K-U

Management
Cods Average Average

Invsntoi~ Manhours per Average - Inventory Manhours per Average

El Sits 1000 Mil.a/ Manhours Sits 1000 Miles/ Manhours
100 Hours 100 Hours

U
- Vehicle Equivalent--4.0

1.353 2 15.1 23,9 179 9.7 97.5
0317 --- . 2 43.2 55.9
0569 3 20.4 195.4 112 16.1 81.5

[I 
0572 --- 4 28.8 34.0
0568 13 25.3 32 ,8 179 20.2 107.3
5567 2 64 ,3 42.8 2 159.2 112.3
0626 1 ~~-- 9 9.5 18.1
0630 36 6.6 51.3 3 65 .7 172.5

I 0631 70 24.6 112,5 182 30,4 132.9
L 5640 --- 56 22 .7 177.3

0633 -a- 1 56.6 34.5
0535 1 365.4 38.0 9 967 .8 51.1

1 0632 2 68.8 71.9 147 10.6 123.5
0635 1 437.5 17.5 12 117.0 89.7

L. 0641 --- 4 38.0 44.7
0645 5 18.2 39.9

[j 0536 --- 3 43.1 61.0
0537 -a- 15 2039.0 54 .4
5792 ——— 1
5790 2 3 --- 20,5
059$ --- 2 N/A 41.8’
0595 45 5 .3. 164.4 220 4.0 183.6
5597 --- 3 119.5 68.3

-j  0596 --- . 
- - - - 1 428.6 42 .0

5755 1 N/A 1,5 19 N/A 52.8
-~~ 0701 3 4.6 19.2 29 9.1 38.8

~~

- ( j  0757 _ _  2 117.4 22 .9

Vehicle lquival.nt—-4 .2

r 0251 32 64.2 153.0 23 32..~. 106.9

L Vehicle lquivalent--4 .5
- 0510 2 252.3 97 .0 120 89.8 111.0El 0515 13 231.8 144 .6 46 93,7 227.0

Vehiol.i tquival.nt.-5 .0

11 1350 76 10.5 121.2 190 13.0 114.4
I I  1.276 49 27 .2 112 .8 172 21,0 161.1
LI 0580 29 79 .3 84.1 167 132.4 116.1

5581 5 702.7- 123.4 84 86 .3 221.0

U

U ,
-

. -

,. 
.

- 

- 
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I Management
Code - Average Average

Inventory Manhours per Averags Inventory Manhours per Average

I Site 1000 Nh1.s/ Manhours Size 1000 Nil..! Manhours
100 Hours ].OC) Hours

I 
Vehicle Equivalent--5.5

0524 ___ 2 204.2 24,5
0508 20 5,1 61,1 205 14,3 117.7
0520 15 53,0 114.6 7 12 .7 91.2

I 0507 2 3.0 47.5 26 11.1 92 .2
0522 8 15.7 22 .5 34 30.6 66.7
5526 1 66.7 8.0 8 108 .5 41.6
5503 ~~~~ a 5 7 3  58.4

I 
0509 --- 3 31.6 388.0

Vehicle Equivalent--6 .0

5565 5 79.9 27.8 16 19,4 105.4 —

I 0540 2 23.7 4.9 1 ---
0511 --- 1 184.8 336,4
0510 1 0.6 18.5 3 33.4 135.4
5528 2 4].6.8 452,3 8 78.7 115.6

II Vehicle Equivalent--6 .5

1.280 --— 2 0.2 0.1
~~75 aa 329 18.3. 174 .9

iv 0271 --a 15 328.1 81.4
H 1.273 2 24.4 138.8 1043 332 231.5
U L272 150 19.2 147.1 39 11.6 174.6

Vehicle Squi,slsnt--8 .0

II 1.354 --- 41 33.8 103.5

- 
V.hicl. Rqul valent--10.0

II L10 13 63.0 500.5 212 38.8 582.7
U L141 0 64 .7 56.3 --a

1.145 --- 120 23,1 380.1
1.183 --- 1 293.8 540,5

I 1.153. 1 12.7 31.0 79 11.1 74.1
1.337 31 000 118.9 15 471.2 188.1
1.147 83 13.4 61.0 41 3.6.3 108.4
1.349 --- 5 38.3 9.0

I 1965 139 27.5 107.9 80 19,3 113.8
1900 16 60.1 341.0 60 48.4 291.5
19113 --- 1 223.5 185.5
1042 --- 4 68 .9 590.2
1941 --a 6 87.3 21.7

I 1909 a 31 35.0 314.6
V~tie1e Iquivalsot--12 .0

II ~~44 ~~~~~~ 5 13.7 79.4
1886 --- 8 22.6 70.9

II 
_.__._~~, —.-~—~—_~~~~~ —~~~ --~._
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II APP~IDIX B

WORK CEIITZR R~~PON8IBflaITZ~~--MAMA O~ l T

II _____

1. 4ua.rylsion. Performs necessar y supervision involving organizing, planning,
• fl directing , coordinating, and controlling the efforts of vehicle maintenance

Ii personn el; includes respo nsibility for the overall supervision of major and
minor maint enance on otor vehicles and special equipment such as general
purpos e , fi re fight ing, crash and rescue , refueling vehicles , allied equip-
ent, aircraft towing and recove ry equipment • base maintenance and material

handling equipment . Manages and monitors the Vehicle Maintenance Contract
program.

2, Proc.dures Develoom.nt and ~nalvsis • Analyses shop procedures and develops
a system ~o improv e shop efficiency. Reviews reports such as Monthly

1] Vehicle Ma st•z List • Monthly and Quarterl y Maintenance Management Report s,
Weekly scheduled Maintenance Reports , Monthly Vehicle Operations S~~~ary ,
and Daily Delayed Maintenance Rep ort . Analyzes records such as vehicle

El and equi pment work orders , individual vehicle records , and limited tech-
nical inspection . Prepares an annual estimate for funds , which includes
contract maintenance , parts and depot repair from en analyse, of the above
reports and record s and experiences derived from historical data . Develops
shop safety and security procedures and maintenance operating instructions .

3. Noflitoring. Monitora quality of aaint•nano~ , compliance with directl. yes,
policies , and work standards and perfor ms quality inspections by randomly
inspecting vehicles prior to rel ease to using agencies .

fl 4 . 000rdinat4on. Coordinates with using agencies via meetings , telephone , and
- - Li correspondence en vehicl e maintenance • Insures that vehicles are obtsined

for maintenance and inspections and coordinates on actions involving abuse
- and misuse of vehicles Coord inates With base supply on vehicle dead-

11 lined for maintenance (vo,) and insured attendance at all meetin gs ,
-

- 
Li 5. ~~bL. ~f fl~ow~no~ (T/4) and Pacilit~- Renuiraments • Monitors T/A to insure

that adequate tools and shop equipment are on hand • Thu includes screen-

El tug, justify ing and requisitioning . Monitors facility requ irements to
include justification for action desired .

6. Train 4n.~~ Determines , requests and arranges ror appropriate persons to
attend courses for upgrading and proficiency purposes . Evaluates effective -

U ness of on-the-job training by personal observatio n of work performance
and evaluation of written and oral testin g . Reviews training charts to
determine status of part icipation and 07? completion.

U 3001%CZ: u.s. Department of the Air Porce , 14r Porga ~ aa~~~vqr 3ta~9ards, Air —Pores Regulation 26-3 (Washington , 0,0, ? 7 May 1973) , p. 21.
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I APPENDIX C

4, WO~ C u~~isR RES oN8ThILITIE8--MAmT~ IAIIc~ COIUTROL

I ~~-y  - - -

~~~~~~ td~~~~4~ - - .- -~ 
- - -

DIRECT: .

1 1 Control.. • Schedules end controls vehicles and equipment for inter-
- mediate mdintenance-. -Debrief s vehicle operator and makes neces-

-sea’ -inspections- - to determine required - work. - Prepares work ozders

I for work - scheduled - into the- shops end appropriate documents for
-work to be - accomplished - by contract . Initiates the individual
record for each vehicle and equipment assigned . Assigns priority 

—

I to work ord ers . - Reviews the scheduled maintenance report to
determine which vehicles require scheduled maintenance. Coordi-
nates with using agencies to establish time vehicles should be

I 
delivered to the shop. Receives completed work order from work
center , assures accuracy, and dispatches to reportS - and analysis .
Controls movement - of vehicle and assernblies to and from~ the
contractor. Maintains a cow of contract maintenance processing
document work order in an active -contract maintenance file until

U completion of- contract • Performs inspect ions on all vehicles 1;
and equipment repaired by contraCt maintenance prior to acceptance

- II - 
from the contractor.

2. Record Maintenance. Maintains all maintenance control tiles .
51 Includes filing completed work - ordsrs in individual jackets

U ~~~~ 

- -L~- - -

3. $u~pl.ir. Requisitions required parts and materials from appropriate
supply sources and temporarily stores all pert. and supplies re-

fl quired for work order completion . Makes distribution of materials
ii ox’ parts as required and r.aeaz’che s feder al stock numbers as

required . T~arna in serviceable, -repairable , and condemned items .
Insured that item identification nt~~ er. and descriptions are

LI correct and classification identity is appropriate. Coordinates
with proper supply elements to maintain sufficient supply levels .
Provides means for t~~~orsry stora.. of requisitioned items.

(J Stores and controls out horised bench stock items.

4, Opex’at~ s and Maintains Tool Cri b. Issue s and receives tools ( such
fi as tools that are classified as special tools and not normally
II issued in mechanics tool boz) on temporary issue receip t • Main-

tu na tools in a serviceabl, condition . Insu res that precision
tools are calibrated.

I
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APPISDIZ D

I MOSS umlYza RUPOImIEILIT!ZS--MAXflZ*A$C1/REPAIR

1~I~~~
fi 3. • Ra4ntqnsnc. -

~~ R~os~r. Receives vehicles and equipment • inspects for i’s-
U quix’ed r psirs, annotates work order , parforms teolmica]. publication ras•arch

and obtains parts from supply sour ces • Maintains and repairs components
and sukasu.blies on *11 types of v.hio3..s and •quipmsnt as prescribed by
LV 66-12, Vsbjcl. MaintenanCe Management • Performs quality control iMpec-

II tions on vehiolsa and vehicle equipment or components • Performs safety in-
11 ap.ct ions on all vehicles and equipment and cleans maIntenance areas during

and after job compietion. Loocmplishss limited t.chaioal and acceptance
in.p.cti cmi. Perfo rms vehicle chassis dynaao.et.r tests and logs aicronic
filter differential pressure.

11 2. A1].i.4 ?red.p, Receives vehicles and .quipa.nt , inspects for repair, re-
quired annotates work ceder , perfor ms technical publication research, obtains
parts from supply sources, atrsiC*tens and repairs denaged aiatenotivs body

Ii parts , r oves add installs body sscticna and aliges body frame , r oves.
Ii ~uta , grinds and inst~lZ. automotive body $sea m~ finishes autc otivs bodies

to thclud~ welding painting, machine work and fabrication • Cleans work
ar eas during and after job completion .

1] ~ r associa wit r q t ~~ 
repair or allisd

U _ _ _ _

4. ~~~ ~~u4nncmt ~~~~~~~~~~ Performs maintenance required to maintain

fl ~~~ equipment and tOols in a sat. and reliable operating condition.

5. - . Performs maintenance on vehicular components and
ass ci vs been renewed for aaint.nanc. and net charged to a
particular vehicle • Insides all stock chasing and replenishing stock

- U levels when this ti.. nnot be directl y related to a vehicle.

6. • Supervises .ssigs.d psrscnnel to include organising , pissning, - -
irec ing. coordinating ad sontrol lthg the work center • Receives vest

ci 
orders, determines required aintenance and sasiges work to psrs~~ e-l .
*evicwa completed work orders and cheeks work completion, evaluates work
performance. Attends r.quir.d meeting. and provides information to main-
tenance control.

7. Traii~Ift.. Administers and receives training relative to the work senter to[I - - assure t~at job profIciency, 03?, safety and security procedures are followed .

6. - 
- • Performs tasks such as sweeping, mopping ad general polio-

U 
ng c alm mn a saS~ vork area.

SQUId : U.S. Dspgrtment of the Air Poise, , Lii
Pore. Requlation 26-3 (Washington. . •. . ~~• •
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PA~~ICIPATING ~~AF BASES

(1
Data for regression analysis upre received from the following
Ik~ited States Air Force Bases:

Ii APSC

I] Keesler Edwards
Chanute Patrick
)~ ther - L. 0. Ranscos

U coluthus - Iglin
L6ughlin KirtIand
Craig -:
Sheppard

[1 
Randolph
Vance
Reese

F Williams
[ Lowery

U
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~~:~T Public Documents

I U.S. Bureau of the Budget, Comptroller General Report to
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volved in Maintenance of Non-Combat Vehicles in
tbe Department of Defense, 1962.

__________ Comptroller General. Report to the Congress of
IT the United States. Excessive Quantities of Heavy
L Trucks and Buses at Selected Military Installa-

tions, July 1964.

II __________ . __________. ~eport to the Congress of theUnited States. Unnecedsary Coats Resulting from
Non-competitive Procurement of Military 314 TonII Trucks, August 1964.

__________• Department of Defense. Armed ~°rvices Procure-II ment Regulation, 1974.

___________• ___________. Guidelines for Handling Dissident
U 
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Forces. DOD Directive 1325.6, 12 September 1969.

__________• __________. Management, Acquisition, and Use
U - of Motor Vehicles. DO D Di rec t ive  4500-36, 30

July 1974 .

U
. __________. Replacement and Repair Guidanç~~and Life Expectancies for Commercial-Type Ve-
hicles.  DOD tnstruction 4150.4, 5 April 1963.

13 . __________. “ Report on Commercial Vehicle
Supply Support.” Defense Supply Agency, 1969.

ci
‘ . Department of the Air Force, USAF Management

Engineering Program. Air Force Regulation 25-1,
7 June 1968.

El __________. . Air Force Manpower Standards. Air
Fo ’lju -ation 26-3, 2 February 1973.

U . __________. Manpower and Organization Manage-
~~~ Air Force Regulation 26-6, 7 May 1973.
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__________• - 
. Manpower Uti l ization.  Air Force

Regulation 26-10, 24 February 1964 .

__________• __________. Report ing Requirement s. Air Forc e

i 
Regulation 77-11, 1971.

- __________. __________. Management Engineering Procedures.
Air Force Manual 25-5, 7 June 1968.

__________• __________. Manpower Policies and Procedures.
Air Force Manual 26-1, 8 May 1973. :1

I? __________• __________. USA? Supply Manual. Air Force
Manual 67-1, vol~ 4, pt. 1, 10 March 1967.

___________• ___________. Joint Procedures for  the  Management

II of Administrative Use Motor Vehicles. Air Force
Manual 77-1, 1967.

___________• ___________. Standard Air  Force S ta t i s t ica l
U Utility System: P1O4QITL. Air Force Manual 171-

126, 1974 .

Ill __________. __________. Vehicle Integrated Management Sys-
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[j . __________. Vehicle Maintenance Management.
Air Force Manual 77-310, 1 January 1976.

__________• __________. Data Elements and Codes. Air Force
Manual 300-4 , 1972.

_________• _________. Maximum Repair Allowanc e for USAF
Vehicles. P.O. 36A-1-70. Warn er-Robins Air Force

- Base, Ga.: 1976.

__________ __________ Table of Allowances: Vehicles. T/A
010. Warner-Robbins Air Force Base, Ga.: 1975.

Ij - . __________. Maximum Repair Allowances, Replace-
ment Codes and. ~riority Buy for USAF Vehicles. -J
P.O. OO-25~249, 1 November 1975.

111 ~
. __________. Computation of Requirement s for
Replacement Type Items. *FLCM 57-3. Wright-
Patterson Air Forc e Base, Ohio: 2.973.

II -

_ _ _ _ _ _ _ _ _  
-J ~~~~~~~~~~~~~~ -—~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-
~~



-- -
~~~~~ -~~-- L~~~ -: - - 

- - __________ 
- 

-

I -
:

1
m - 131

II . ___________. The Vehicular Equipment Program,
December- 1963.

U __________. General Account ing Office. Report to Congress.
- Coat R*duotions Obtainable by Improving the

Manage*ent of Maintenan ce of Co**ercial Vehicles ,LI 1968. - 
-

__________ Naval Civil Engineering Laboratory . “Alloca-El tion of Vehicles at - Centers.” Port Hueneme,
Calif.: June 1967.

13 - . __________. ~ razisportation Equipment Allowance
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Nueneme, Calif.: June 1967.
d 1 -
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