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Preface

This thesis describes research which was directed
toward obtaining an initial logistics support cost estimate
for Douglas Aircraft Company's proposed Advanced Aerial
Refueling Boom (AARB). The project consisted of making a
comparative logistics support cost analysis between the AARB
and the existing KC-135 boom system. The research was per-
formed during March through June 1976, a time when relatively
little technical data on the AARB was available. This re-
search project was suggested and sponsored by the Advanced
Tanker/Cargo Aircraft System Program Office (ATCA SPO).

We would like to express our appreciation to
Dr. N. Keith Womer, our faculty advisor, for his support and
advice during the course of this research effort; and to
Colonel Ronald A. Luhks, our faculty reader, for his many
helpful suggestions and assistance in editing the manuscript.
Thanks go to Captain Henry G. Hamby, III, who suggested the
project and who served as our primary contact in the ATCA SPO.

There were many others who willingly supported our
research effort and who contributed their knowledge and sugges-
tions. Thanks to Captain Paul 0. Weaver, AFALD/XRSA, whose
intimate knowledge of the LSC Model was invaluable; he pro-
vided many helpful consultations. Thanks go to Colonel William
Bowden, Oklahoma City Air Logistics Center/MMC (the KC-135 Sys-
tem Manager) and the many members of his staff, particularly

Mrs. Margaret Marquartz, who unselfishly and enthusiastically
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supported our requests for information. Thanks go to
Mr. Jimmy Bias and Mrs. Margaret Robinson of Oklahoma City Air
Logistics Center/MMP who were helpful and attentive in pro-
viding the information on the COSPERANK System. Thanks also
go to Mrs. Karen Schnee for expertly typing the manuscript.

- Finally, special thanks go to our wives whose support
and encouragement during the last four months is deeply

appreciated.

Richard T. Jeffreys
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Abstract

Under an Air Force contract, Douglas Aircraft Company
is developing an Advanced Aerial Refueling Boom (AARB) for
the Advanced Tanker/Cargo Aircraft System Program Office
(ATCA SPO). The purpose of the AARB development program is
to demonstrate that an advanced technology boom system, which
will eliminate some of the limitations of the existing KC-135
boom, can be designed and successfully flown. To date, de-
velopment of the AARB has been mainly oriented toward per-
formance--meeting the design requirements. The ATCA SPO now
desires to examine the costs of supporting the proposed de-
gign, if it is produced.

This thesis is directed toward identifying the dif-
ferential logistics support costs of the AARB. The Boom
Model, a tailored version of the Air Force Logistics Command
Logistics Support Cost (LSC) Model, is used to develop the
logistics support cost figure of merit for the proposed AARB.
The Boom Model is also used to develop a similar figure of
merit for the existing KC-135 boom. The values for variables
used in the KC-135 boom analysis are obtained from existing
Air Force maintenance data collection systems. A methodology
for extracting data from these systems is given. Because of
the uncertainties associated with early, initial estimates for
the AARB, sensitivity analyses are performed on selected vari-
ables. Conclusions and recommendations pertaining to both the

AARB and KC-135 boom analyses and the LSC Model are given.
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A LOGISTICS SUPPORT COST ANALYSIS
OF THE ADVANCED AERIAL REFUELING BOOM
I. Introduction

This chapter presents the research problem associated

with the thesis. It describes the background and rationale

St e Skii ot

behind the current development of an Advanced Aerial Refuel-
ing Boom. It describes the methodology developed to perform
the logistics support cost analysis which was the central
theme of this research effort. The final section of this
chapter describes the organization and relationships of the
following five chapters. Technical explanations and descrip-

tions are more fully developed in later chapters.

Background

The changing world political situation has resulted
in increasingly independent action on the part of allies and
friendly nations and a lessening of the ability of the United

States to rely on overseas airbases. The Arab-Israeli War of

.

1973 highlighted the threat of the denial of base rights by
allies and friendly nations in the event of a conflict in

which the host nations may have mixed loyalties or interests.

The United States has perceived a need to enhance its }
ability to extend quick reaction forces to any area of the
world without dependence on enroute overseas bases and over-
flight rights. The Advanced Tanker/Cargo Aircraft (ATCA) will

make this possible by providing the capability for refueling
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large transport aircraft, like the C-5A and C-141, at ex-
tremely long ranges. It will also be able to support long
range deployments of fighter units while providing concurrent
airlift of support equipment and personnel. The capacity re-
quired for U.S. based strategic airlift or tactical mobility
missions exceeds the capabilities of the current KC-135
tanker. Furthermore, the size of the fuel off-loads required
and the great ranges of these missions would require KC-135
tankers in such numbers as to make operations impractical
(71:17).

Direct procurement of an off-the-shelf wide-bodied
transport aircraft is planned for the ATCA. This approach
will take advantage of the sunk development costs of an al-
ready proven system. Development funds will be limited to
subsystems such as an advanced boomand a multipoint refuel-
ing system. The multipoint system will allow more than one
fighter to refuel at the same time.

The need for an advanced boom. Although the KC-135

tanker and its aerial refueling system have served well in
their present roles, several limitations of the boom have
been emphasized in recent years by problems experienced in
refueling large new receiver aircraft such as the C-5A. The
most important limitations of the KC-135 boom are listed
here (2:1):

1. Inadequate control of boom movement and position

throughout the range specified in MIL-F-38363B(USAF) (59).
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2. Limited separation between the tanker and the
receiver. This is a particular problem when refueling the
C-5A and the E-4A because of the large bow waves of these
aircraft which causes interference with the normal aerody-
namic forces acting on the tanker.

3. Limited fuel flow rate during fuel off load to
receiver aircraft causing excessive time to be required for
refueling large aircraft. The maximum fuel flow rate for
the KC-135 boom while refueling is 1200 gallons per minute.

4. Normal, automatic disconnect capability is depen-
dent upon proper operation of the electrical and hydraulic
systems in the receiver aircraft.

These limitations make refueling the C-5A, for
example, very difficult. The bow wave associated with very
large aircraft makes the insertion of the nozzle difficult
due to insufficient control authority. Also, this lack of
control capability results in the buildup of unbalanced aero-
dynamic forces on the boom while in contact with receiver
aircraft. These unbalanced forces, potentially causing bind-
ing of the nozzle in the refueling receptacle, may make ex-
traction of the nozzle difficult and hazardous.

Aerial refueling is an extremely demanding phase of
flight. Safety and fuel economy dictate that the time in
this phase be reduced to the minimum. When refueling with
the KC-135, it is not uncommon for large offloads (80,000 to
120,000 pounds of fuel) to require in excess of thirty min-

utes. Under the long range airlift concept being planned,
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; offloads could be more than twice this size. For this rea-
son, the fuel flow capability of the KC-135 boom system is ,
inadequate for the mission of the ATCA. i
Disconnect problems with the KC-135 boom have existed |
for years and not only with the large receivers. The present
boom disconnect system is felt to be inadequate because its
normal, automatic disconnect capability is dependent upon
proper operation of the electrical and hydraulic parts of the
j aerial refueling system in the receiver aircraft. Dependence .
/ upon a completed electrical circuit with the electrical sys-
tem in the receiver aircraft has meant frequent loss of dis-
connect capability with the resulting need for a "brute 4
force" disconnect. This type of disconnect can be dangerous,

o as a small aircraft can be pulled into contact with the

.

rigid, non-telescoping structure of the boom.

i e et

The Advanced Aerial Refueling
Boom

In order to remedy the deficiencies of the KC-135
i boom and provide aerial refueling capabilities commensurate
g with the mission of the ATCA, an Advanced Aerial Refueling

Boom (AARB) is being developed by the Douglas Aircraft Com- |

‘4 pany, a subsidiary of McDonnell Douglas Corporation. The
: AARB may also be considered for installation on the KC-135
fleet at some point in the future (71:18).

Although the AAPB was conceived for the ATCA, it may
or may not eventuvally become a part of the ATCA. The AARB

incorporates several design concepts which have not yet been ﬁ
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proven and there is a considerable amount of risk still
associated with the program at the time of this thesis. The
ATCA boom, as presently planned, will be furnished by the
ATCA contractor; therefore, whichever aircraft is selected
for the ATCA may largely determine whether the Douglas AARB
is used. The ATCA System Program Office, however, is
interested in several design concepts proposed for the AARB
and a test program has been scheduled for late 1976 and 1977
to demonstrate the feasibility of the AARB design. One pro-
totype AARB will be built and installed, for this test
phase, on a KC-135 airframe.

AARB design features. According to Douglas (3:8),

the AARB will provide improved capabilities, while overcoming
the major limitations of the current boom, through some of
the following design features.

1. The AARB will provide a larger refueling envelope
which equals or exceeds that required by MIL-F-38363B(USAF).
The KC-135 boom falls far short of most of the lower outer
portion of the required envelope (2:4). This larger envelope
means that the limits of movement of the receiver, relative
to the tanker, will be greater than is possible with the
KC-135 boom thereby lessening the need for disconnect.

2, The AARB will be more controllable because it
will have: (a) an improved boom pivot system thereby lessen-
ing the aerodynamic forces which must be counteracted by the
flight control surfaces and (b) an i:proved control surface

configuration.
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3. The AARB will incorporate an integrated fly-by-
wire control system. In addition to reducing weight and
allowing improvements in boom controllability, the fly-by-
wire system will permit automatic trimming of boom flight
control surfaces while connected with the receiver. This
Automatic Load Alleviation System will prevent the buildup
of unbalanced aerodynamic loads which could cause the boom
to whip into the receiver upon disconnect or cause the noz-
zle to bind in the receptacle.

L, The AARB will provide an additional five feet of
vertical separation between the tanker and the receiver.
This is especially important for large receivers because it
will reduce the effects of the receiver bow wave on the
tanker aircraft.

5. The AARB and the Advanced Aerial Refueling Noz-
zle (AARN) will allow an increased fuel flow rate during fuel
offload. This will substantially reduce the time required to
refuel the large-capacity receivers.

6. The AARB/AARN will incorporate a redundant dis-
connect capability that is not dependent upon operation of
the hydraulic and electrical systems of the receiver. This
capability will substantially reduce the number of discon-
nect problems.

Given that there are limitations associated with the

existing KC-135 boom system and that preliminary designs for

an AARB system which could correct these deficiencies have
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been completed, it is now desired to investigate some operat-
ing and support cost implications of acquiring a new system

such as the AARB.

Life Cycle Costs
System development has occurred, in the past, with

little concern for the life cycle costs of the equipment be-
ing developed. The concern of both the developers and the
services has been more typically for the initial development
cost of the system. As stated by Dover and Oswald (32:1-2),

+ » +» RDT&E and investment costs, which occur only

once in the life cycle of a weapon system, may

represent only a small portion of the total owner-

ship cost. A more submerged category of operational

costs continues to recur throughout the life of the

system. This category includes the annual operating

and support costs associated with corrective and

preventive maintenance, . . . installation and

checkout, transportation, documentation . . . .
As has been highlighted frequently in recent literature, the
operation and support costs of a system over its useful life

can actually exceed the acquisition costs by several times.

Lack of attention to support cost implications of A

equipment designs has been a major contributor to ballooning
life cycle costs. The DoD Cost Analysis Improvement Group
(63:12) points out that each year the cost to maintain exist-
ing combat forces increases, and unless some action is taken
to reduce the out-year operating and support costs, the
resources available to develop and acquire new weapon systems
will become proportionately smaller. As a result, operating

and support cost estimates are required on weapon systems

-
ot
~——
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that are reviewed by the Defense Systems Acquisition Review
Council.

Because of increased awareness in these areas, the
Air Force is now: (1) estimating the operation and support
costs of proposed systems and comparing them with current
systems, (2) focusing upon field reliability and comprehen-

sive test programs rather than planned reliability, (3) try-

ing new contracting concepts including reliability warranties
and incentives, (4) considering design tradeoffs to reduce
life cycle costs, and (5) investigating logistics support

alternatives and their impacts upon costs (24:2).

Statement of the Research Problem w;
The development of the AARB to date has been mainly ‘

oriented toward performance--meeting certain capabilities

through advanced design concepts. However, all cost consid-
erations have not been ignored. Several aspects of the AARB
design are related directly to improving reliability and
ease of maintenance. It is now desired to examine some of
the life cycle costs of supporting the proposed design.

This research effort was suggested by the ATCA System
Program Office (SPO) as the first step in a continuing logis-
tics support analysis. It was intended that a logistics sup-
port cost figure of merit for the AARB be developed using the
Air Force Logistics Command Logistics Support Cost (AFLC LSC)

Model. This estimate was to be compared with a similar logis-

T
‘\:'0-_’ e e
v wll

tics support cost figure of merit to be developed for the KC-

135 boom system. The results of the comparison were expected to

-
. x :
——
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highlight differences in logistics support costes which could
be related to design differences between the two systems.

It was also desired to identify those particular design
parameters or components which may add significantly to the
logistics support costs so that alternative actions could be
considered early in the development process.

The analysis contained herein, based as it is on
preliminary design information, is merely the first step of
a comprehensive logistics support cost analysis. If the AARB
is selected for the ATCA, and if a more complete logistics
support cost analysis is desired, then periodic updates of

these estimates will be required as the AARB design evolves.

Significance of the Research

The primary significance of this research effort lies
in the methodology developed for estimating the logistics
support costs of an existing Air Force weapon system so that
comparison is possible with a proposed system. The LSC Model
was specified for use by the ATCA SPO for this project. The
model is well known and has been used in several programs to
analyze and compare proposed designs. It is also used for
tracking of logistic support cost estimates as program defin-
ition proceeds. The methodology developed for this research
and the modifications made to the LSC Model will be available
for further use for this, and other, programs. Others using

the LSC Model, especially for analyzing existing systems, may

also find the techniques developed here useful.
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The results of the AARB component breakdown and
logistics support cost analyses will be available for use as
a baseline in evaluating the development of the AARB, if
that program should be continued beyond the feasibility

demonstration now planned.

Assumptions

Several assumptions were necessary in order to limit
j the research project to a manageable size while still produc-
ing some useful and meaningful results for the SPO. The

results are limited by the assumptions upon which the study

T A ————.

was based.

E}' 1. It was assumed that the most recent KC-135 logis-
tics support cost data represented the best data base for the
LSC Model variables. Since it would be difficult to antici-

pate future failure trends in an aging system, no attempt

R S ey

was made to do so. The current reduced level of flying was

felt to be the best predictor of future activity. In order

to avoid continuous changes to the data as more recent data

- ———

became available, it was decided that it was best to proceed
with the analysis using the most current data available at
¢ the end of April 1976.
2. All existing KC-135 booms were assumed to be
$- .4 identical. Likewise, the usage of the weapon system and costs

of operation were assumed to occur uniformly across the fleet.

Eid

g 3. Both the KC-135 boom and the AARB were assumed to
$ .
;% be installed on the KC~135 aircraft for purposes of this
Wy

»
-~

A
~—
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study. The LSC Model equations require weapon system data

as well as system and component level data. This assumption
was necessary in order to isolate any logistics support cost
differences t6 the boom systems themselves rather than to any
differences wnich might be the result of installation on
different aircraft.

Also, no attempt was made to develop logistics sup-
port cost figures of merit for the KC-135 boom and the pro-
posed AARB as an integral part of the ATCA. To develop such
estimates would have required a complete logistics support
cost analysis of the ATCA. Such an exercise would have been
well beyond the scope of this research study.

4, The analysis was conducted under the assumption
that the AARB, as then conceived, was a feasible design.
Unproven and incompletely defined components were included,
as proposed, assuming that they would become part of the
final design configuration.

5. It was assumed that the time value of money was
not important to the comparison. Since the two systems were
to be compared over the same period of time, the effects of
the time value of money were assumed to be the same for both
and could therefore be ignored. To attempt to account for
such effects would unnecessarily complicate the model and
would tend to mask the design differences which are the focus

of this type of model.

11
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Limitations
This study is limited by the assumptions listed

above. In addition, there are several limitations listed in

Chapter II which are the result of the assumptions and char-

acteristics inherent in the LSC Model. It is essential that
e these assumptions be made clear so that the results of stud-

ies like this one, which are based on mathematical models

and tightly constraining assumptions, are not applied to

situations for which they are not appropriate.

/ Methodology

This section presents a general overview of the

methodology that was used during this research study. The

3

specific aspects of the LSC Model and its adaptation for
these analyses, the KC-135 boom analysis, and the AARB

analysis appear in Chapters II, III, and IV respectively.

R R iy

The initial step in this research project was a
thorough study of the KC-135 boom system. All major parts,
components and assemblies were identified by function and

? location. Next, a list of components was selected which was
} expected to represent over 80 percent of the logistics sup-
‘ port costs of all boom components.

1 In order to complete the parts breakdown, and later

to gather cost information on the components selected, it

A Sl

was necessary to construct a cross reference between Work
Unit Codes (WUC) and National Stock Numbers (NSN). Base
level work is always reported by WUC, while parts and costs

are managed at depot level by reference to the appropriate
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NSN. There being no authoritative cross reference between
WUCs and the inclusive national stock numbers, the task of
consistently matching the base and depot level costs was
difficult.

The data search consisted of locating sources for
the input elements required for the model. Some of this in-
formation was not available in the forms required and several
model changes were decided upon which were meant to allow the
use of existing data sources. This will be more fully ex-
plained in Chapter II. Some model changes were also made so
that the model would more nearly reflect particular aspects
of the system being studied--an aircraft refueling boom sys-
tem. A modified LSC Model, called the Boom Model, was de-
rived. It is described in detail in Chapter II.

The AARB was studied next. The only reference mate-
rials available were the series of Douglas Aircraft Company
reports on the preliminary AARB design (3,4,5,6). These were
supplemented by discussions with knowledgeable persons in the
ATCA SPO and other engineering personnel. The analysis and
discussions resulted in a list of 12 components and assemb-
lies which were supplied to engineering personnel in the ATCA
SPO. These components and assemblies were selected using the
following criteria: (1) an AARB component or assembly was
comparable to a similar or corresponding component or assembly
which was a large logistics support cost contirubtor in the
KC-135 boom system, or (2) an AARB component had no corres-

ponding part in the KC-135 boom system yet it seemed likely

13
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to add significantly to the logistics support cost. ATCA
SPO personnel, using their experience, knowledge of the AARB
design, and the baseline values supplied for the correspond-
ing KC-135 variables, determined values for the appropriate
variables for use in the logistics support cost analysis of
the AARB. A thorough discussion of the AARB analysis can be
found in Chapter IV.
The values for the AARB variables that were supplied
j were then analyzed with regard to the historical experience
; on the KC-135 boom. The final values that were agreed upon
between ATCA SPO personnel and the researchers were entered
into the model, and the AARB logistics support cost estimate
g was obtained.
Because of the uncertainty that existed in the ini-
tial values for the AARB variables, sensitivity analyses were

conducted on selected variables to determine the effect of

e

the changes in the variables on the AARB logistics support
cost estimate. A thorough discussion of these sensitivity

? analyses can be found in Chapter V.

) Thesis Presentation Plan
Chapter I has presented an introduction to, back-

'1 ground, and an overview of the research study. The signifi-
] cance, assumptions, limitations, and methodology were also
= discussed.
gf. Chapter II describes the LSC Model and the assump-
%ﬁ tions and limitations associated with it. The adaptations {
\

- .

=
1
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of the LSC Model developed for this analysis are also dis-
cussed.

Chapter III contains a description of the KC-135
boom system and a detailed discussion of the collection of
the information required for the logistics support cost
analysis of this system. Chapter IV describes the AARB and
the steps required to arrive at a point where a comparative
logistics support cost analysis could be performed. Chapter
V describes the sensitivity analyses that were performed on
the variables used in the AARB logistics support cost esti-
mate.

Chapter VI contains a summary and presents some con-
clusions and recommendations which resulted from this re-
search.

The appendices contain supplementary material which
will be of greatest use to those who are actually using the

LSC Model.
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II. The Model

This chapter presents the Air Force Logistics
Command Logistics Support Cost (AFLC LSC) Model and the
adaptations to it which were developed for the comparative
analysis of the two aerial refueling boom systems. For
convenience, the adapted model will hereinafter be referred
to as the Boom Model. This chapter also presents detailed

explanations of each of the Boom Model equations and a short

T PO——

J description of each of the model variables. A detailed des-
cription of each variable can be found in Appendix A.
Chapters III and IV discuss the analyses of the existing

- KC-135 boom and the proposed Advanced Aerial Refueling Boom

(AARB) respectively.

The LSC Model

The LSC Model is designed to be used to estimate the
logistics support costs that may be incurred by adopting a
particular system design or configuration. Furthermore, it

is intended to be used to discriminate between the costs of

supporting alternative designs rather than to provide an

accurate logistics support cost estimate (51:3-4). The lo-

'1 gistics support costs of a system are the costs of ownership

: such as maintenance man-hours, parts inventories, facilities,

: support equipment, maintenance personnel training, record j
: gf. keeping, etc. It is these costs that are combined in the

;ﬁ LSC Model to estimate the logistics support cost figures of

i?

merit for alternative weapon systems.

-
' N
SR
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The significance of the calculated logistics support
costs is not their absolute magnitudes, rather it is the
relative magnitude of the difference in cost:s between the 3

alternatives tested (51:4). This means, for example, that

e

the significant fact is not that the one system will cost one
billion dollars to support over the next ten years and that ;
the other system will cost three billion dollars to support.
Rather, the cignificant fact is that it will cost two billion
dollars more to support one system than it will cost to sup-
port the other system.

Specifically, the Model Handbook says the LSC Model

is intended to be used in one or more of the following ways
(51:4):

1. To obtain an estimate of the differential logis-
tics support costs between the proposed design
configurations of two or more contractors during
source selection.

2. To establish a baseline for contractual commit-
ments on certain aspects of operational supporta-
bility which will be subject to verification.

3. To use as a decision aid in discriminating among

design alternatives during prototyping or full-
scale development.

In this research study, the LSC Model, as adapted, is used to
obtain an estimate of the differential logistics support
costs between two alternative designs. The two designs are
the existing KC-135 boom and the Douglas Aircraft Company's
AARB.

Characteristics. The LSC Model consists of ten
separate equations, each of which computes the cost for a
particular facet of logistics support (e.g., on-equipment

maintenance, support equipment, personnel training). The

47
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total logistics support cost of the weapon system is the sum
of the costs calculated by each of the ten equations. 1In

the Boom Model, the number of equations was reduced to eight
because the last two equations of the basic LSC Model applied
to propulsion systems.

In the model, the basic unit of hardware for which
costs are accumulated is the First Line Unit, or FLU.
According to the Model Handbook, a FLU is

« « «» the first level of assembly below the system

level that is carried as a line item of supply at

base level and is usually the highest level of

assembly that is removed and replaced, as a unit,

on the complete system or subsystem in order to

return the equipment to operational condition

[51:1-17.
Typical FLUs are landing gears, hydraulic motors, and avion-
ics black boxes. The model equations then use particular
FLU characteristics, such as mean time between failures and
unit cost, to compute the appropriate logistics support
costs. The FILUs combine to make systems, and the systems
form the weapon system. This approazh of starting at lower
levels and combining costs into higher levels is called the
accounting approach, and this type of model is called an
accounting model (30:55).

The LSC Model is a general model that, in most cases,
has to be tailored to fit the specific analytical situation.
Since not all weapon systems are identical, some of the model
equations and variables may not be appropriate in every case,
and they should be deleted or changed as required. It may be

necessary to redefine some of the variables in order to model

the situation more realistically. For example, if the factor

18
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that produces failures or maintenance actions is based on
flying hours rather than operating hours, the appropriate
variable to use in the model is the mean flying time between
failures rather than the mean operating time between fail-
ures.

On the other hand, it may be necessary to add new
equations and variables to more realistically model the
situation. As an example, if the weapon system contains many
computers, it would be appropriate to add an equation and
variables that capture the unique costs associated with com-
puters and computer software.

Variables. The complete LSC Model contains 94 d4if-
ferent variables. Complete descriptions of the 57 Boom
Model variables, including dimensional units, appear in
Appendix A. However, the model variables fall into three
general categories.

1. Weapon System Variables. These variables des-
cribe the known or proposed operational use of the weapon
system. Representative program variables are (a) the number
of bases that provide intermediate maintenance and support
(M), (b) the number of years included in the logistics sup-
port cost analysis--the program inventory usage period
(PIUP), and (c) the total number of flying hours over the
period (TFFH).

2. System Variables. These variables describe the
known or proposed design parameters of the functional systems

within the weapon system. Representative system variables

19
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are (a) the number of FLUs within the system (N), (b) the
costs of training base level maintenance personnel to main-
tain the system (TCB), and (c) the costs of base and depot
facilities required to support the system (FB and FD respec-
tively). ;
3. FLU Variables. These variables describe the f
design characteristics of the components. Representative ;
FLU variables are (a) the unit acquisition cost of the FLU
j (uc), (b) the mean time between failures for the FLU (MTBF), |
/ and (c) the not reparable this station rate for the FILU
(NRTS).
Also, there are variables that do not describe weapon

system peculiar characteristics. Rather, these Government i

S~

Standard Variables describe characteristics that do not vary
cetween weapon systems. They are based on historical data.

Representative government standard variables are (a) base

J————

labor rate (BLR), (b) base personnel turnover rate (TRB), and

(c) base and depot repair cycle times (BRCT and DRCT respec-

tively). The data for these variables are furnished by the

) Air Force. The current values can be found in the latest
edition of the Model Handbook (51).

4 Assumptions. The LSC Model is based upon the follow-

ing assumptions which also apply to the Boom Model (51:5-6):

l. The model assumes a constant, uniform level of

f program activity--flying hours--at each lase.
;; 2. The model computes base and depot repair pipeline
; a;; stock levels on the basis of the peak level of program

' ¥ 20
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activity--the maximum number of flying hours in any one
month period. This computation results in base and depot
repair pipelines stock levels that are higher than would be
needed for a normal monthly level of program activity.

3. The model computes logistics support costs for
the weapon system, system, and FLU indenture levels. The
logistics support costs of components and assemblies below
the FLU level are considered only implicitly by their use in
the repairs of the higher level FLUs.

4., The model assumes that there is only one depot

repair location and any number of bases (M) which provide

intermediate (base shop) maintenance and support.

5. The model assumes that initial and follow-on
training costs are identical. In other words, the costs of
Type I training (basic technical school training) are the
same as the costs that the contractor charges to train the
initial cadre of maintenance personnel.

Limitations. Mathematical models never perfectly
describe the situations they are intended to represent. They
should be simple enough to be practical, within reasonable
constraints of time and money, yet detailed enough to insure
that the essential relationships being modeled are adequately
captured. The following limitations are relevant to the
analytical use of the LSC Model.

1. The LSC Model does not capture all of the logis-
tics support costs that actually contribute to the cost of

the weapon system over its lifetime, and the magnitude and

£l




GSM/SM/76S-13

significance of the omitted costs is not known. These
omitted costs fall into two categories: those which are not
design sensitive and those which are design sensitive.
The non-design sensitive costs which are omitted

include many overhead, fixed, and personnel costs associated E
with the maintenance and supply organizations at the bases
and the depot. Some costs, such as modifications and pro-
grammed depot maintenance, are excluded because it would be
impossible to foresee any discernible difference between de-
sign alternatives. Also, the model only captures the cost

of direct man-hours to maintain or repair the equipment.

This means that the cost of manpower utilized is considered

rather than the cost of manpower available. However, this

T~

approach more directly relates the costs to the particular

dede g o

] system designs.

In the case of the design sensitive costs, there are

two types of omitted costs. First, are costs which are pur-

posefully omitted, when possible, because they are not rele-

vant to the analyses. These include the sunk costs and the

— o

| costs which would be identical for the alternatives being
considered. Second, there are costs which are design sensi-
. tive but which are not accounted for in the model and conse-
quently limit the validity of the resulting logistics support
§ .t cost figures of merit. The model does not capture the cost

54 of those FLUs condemned at the depot. This cost may be signi-

~

I Y e 8,
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ficant if, by policy or direction, the FIUs are only condemned

at the depot. The model does not account for lower than FLU

22
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level parts that are repaired or replaced while the FLU is
installed on the aircraft; however, such repairs are
accounted for in the equation which computes off-equipment
maintenance cost. The model does not consider the costs
associated with maintaining, changing and updating technical

F data. Finally, the model does not account for the costs

R i e

associated with those FLUs and other parts which are not
: among the FLUs selected for the analysis. The missing costs
J may obscure or magnify the apparent significance of the true
difference in life cycle logistics support costs. For ex-
ample, a 5 million dollar difference in logistics support
costs between two alternatives that cost 20 and 25 million
dollars may seem less significant than a 5 million dollar

difference between two alternatives that cost 5 and 10 mil-

lion dollars. What is thought of as the logistics support

costs of the weapon system are actually the logistics support

costs of the selected FLUs. Decision makers must be made
aware of this limitation of the logistics support cost fig-
ures of merit calculated by the LSC Model.

| 2. The LSC Model requires a great amount of input

data. The use of accounting models, like the LSC Model, is

i frequently hampered by excessive data requirements (30:56).

= In most cases, data for the variables are just not available

23
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in a convenient and usable form, and there are several rea-
sons for this.

First, the definition of a FLU does not always cor-
relate to the Work Unit Code (WUC) structure, and modifica-
tions are required. WUCs are five-digit alphanumeric codes
that identify a system, a major assembly or an individual
component. When base level maintenance is performed, it is
recorded against the WUC of the component worked on. Since
not every component has its own WUC, and in some cases, parts
within the FLU have unique WUCs, improper reporting occurs.
For example, there are six components within the boom nozzle
that have their own unique WUCs. This situation adds to the
difficulty of collecting data for use in the model.

For an existing system, such as the KC-135 there is
not any single source of logistics support cost data. In-
stead, the data for this study had to be drawn from many data
sources. Correlation of data between data sources is quite
low because the various data sources were designed for dif-
ferent purposes, which do not include weapon system cost
accounting (34:14-5). These data source problems 1limit the
accuracy and relevance of any cost study, such as this one.

To compound the data problems even more, base level
maintenance data collection is by WUC while depot level data
is collected by national stock number (NSN). The fact that
there is no WUC/NSN master cross reference greatly complicates

the data collection problem.
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3. The LSC Model contains some variables which defy
objective evaluation because they were devised to model a
situation for which no data is collected. The uncertainty
inherent in these variables is an inescapable limitation on
the accuracy of the LSC figures.

4. The LSC Model is frequently used relatively early
in the acquisition process. This is when the design is more
likely to be flexible and trade-offs would seem most feasi-
ble. However, very little factual data is available early
in a program upon which to base comparisons. It is likely
that estimates made early in the system life cycle could have
relatively more uncertainty associated with them. The Logis-
tics Management Institute (49:7) says that

Except for an occasional subsystem, meaningful opera-
tion and support cost estimates almost never are ob-
tainable before Engineering Development and can be
elusive until conditions are satisfied for award of a
production contract.
Table I (page 26) is adapted from an AFLC Deputy Chief of
Staff for Acquisition Logistics briefing on logistics models
(52). It shows that the verifiability of data increases as
the life cycle of the system progresses.

The following section describes in detail the Boom
Model, which was modified from the LSC Model in order to
overcome some of the limitations of the LSC Model and to take
advantage of available data which applied to the KC-135 boom

system.
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The Boom Model

The Boom Model, an adaptation of the LSC Model, esti-
mates the logistics support cost figures of merit for the two
aerial refueling boom system designs--the existing KC-135
boom and the proposed AARB. The model consists of eight
equations, each of which computes a portion of the total
logistics support cost. The total logistics support cost
(LSC), then, is the sum of the costs for each of the eight

} equations. Therefore, LSC is
8
LSC = ) Cp
=1

The eight logistics support cost equations are

i (where N represents the number of FIUs included in the analy-

}( sis):
l N
Cl = Z: Cost of Initial and Replacement FLU Spares
i=1
: N
; C, = ),  Cost of On-Equirment Maintenance
i=1
‘ N
* 03 = 5 Cost of 0ff-Equipment Maintenance
: i=1
¥ N
% Cb = Z: Cost of Inventory Entry and Supply Management
g i=1
E .
£y

-

b
’.\5

-
)

Ca
> <
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C5 = Cost of Support Equipment |
C6 = Cost of Personnel Training
C7 = Cost of Records Management and Technical Data

Cost of New Facilities

Equations Cl through C8 correspond to the first eight
equations in the LSC Model. Cl and 08 are identical to the
corresponding LSC Model equations.

The following text explains, in detail, each of the
eight equations as if there were one system--the boom sys-
tem--and "N" FLUs in that system. A short description of
each variable is given when it appears in the equations. A
detailed description of each variable is given in Appendix A.
The modifications to the LSC Model that make up the Boom
Model are identified at the end of the equations in which

they occur.
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The Cost of Initial and
Replacement Spares

+

N
? c, = MY (STK,)(UC;)
i=1

N
j{:(PFFH)(QPA )(UF )(1- RIP )(NRTS )(DRCT )

;
f
f MTBFl (Uc;) +
-1
ﬁ} f (TFFH)(QPA. ) (UF. )(1-RIP. )(COND. )
i / b ) 3 & s 4 (UC )
MTBF . i
¢ i
¥ i=1

Equation C1 consists of three parts, as follows,

0 4 Eost to fill bas%] e
i A epair pipeline
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