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Preface

This thesis is the result of my efforts of developing a
cost model for comparing alternative digital radio equipment
for Stage III of the Digital European Backbone Upgrade Pro-
ject. The study develops and demonstrates a life cycle lo-
gistics support cost model representing relevant initial in-
vestment costs and recurring maintenance and supply support
costs. This cost-based methodology provides a systematic ap-
proach to estimating relative cost magnitudes and relative
cost differentials as figures of merit between equipment al-
ternatives.

I want to express my gratitude to my advisor, Lt. Col.
Adrian Harrell, and my reader, Dr. Keith Womer for sticking
with me to the bitter end and providing the much needed di-
rection, guidance and impetus toward the accomplishment of
this project. Also, to my typist, Mrs. Charlette Kjesbo, I
express my thanks for a fine job.

I especially wish to express sincere appreciation to my
family for their patience, understanding, and encouragement
through the many frustrations and essentially doing without
me during the past fifteen months. My wife, Sharon, deserves
a special vote of thanks for the many hours spent at an 18
year old typewriter. I promise them all better times in the

future.
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Abstract

This study provides a cost-based methodology for com-
paring alternative fixed ground communications radios. The
study develops and demonstrates a life cycle logistics sup-
port cost model representing relevant initial investment
costs and recurring maintenance and supply support costs.
The scope of the study addresses only Stage III of the Digi-
tal European Backbone Upgrade Project. The cost model de-
veloped is an accounting model that aggregates the cost of
thirteen separate cost element equations and requires 54 in-
put data values. This methodology provides a systematic ap-
proach to estimating the relevant costs of proposed equip-
ment options over their expected usage period. The model
yields estimated cost results that indicate relative cost
magnitudes and relative cost differential comparisons as

figures of merit between equipment alternatives.
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1. Introduction

Program Overview

The Defense Communications Agency (DCA), in conjunction
with the military departments, is embarking on the initial
phase of improving worldwide military communications. The
objective is to upgrade the various Defense Communications
Systems (DCS) incrementally, as plans and requirements evolve
from system improvement plans (Hq. USAF, Program Management
Directive, 1975:18). The Digital European Backbone (DEB)
Upgrade Project is the first in this expected series of ef-
forts for an overall Defense Communications System wideband
transmission improvement program.

The present European wideband communications system is
a mix of several types of older communication subsystems.
This non-standard assemblage of equipment is considered tech-
nically obsolete and presents maintenance, logistics and op-
erational problems. The Digital European Backbone Program is
to improve the terrestrial European wideband communications
subsystem that extends from Italy through the Federal Repub-
lic of Germany and Belgium into England (Defense Communica-
tions Agency, 1975:1-1).

The European backbone project is a joint service opera-
tion with the United States Air Force designated as the mil-
itary department of primary responsibility for implementa-
tion. Program management for implementation of the upgrade

project is the Electronic Systems Division (ESD/DCF) Digital

DA State Sttty
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European Backbone System Program Office. The Army is respon-
sible for development and acquisition of various radio equip-
ment required for the Digital Europcan Backbone upgrade pro-
ject (Defense Communications Agency, 1975:3-1), Specifically,
the project is to upgrade most of the existing equipment with
modern, reliable, digital transmission subsystems. The
European Defense Communications System will be transitioned
from a nonsecure analog system to a predominately digital
bulk encrypted system.

The Digital European Backbone Program is scheduled to be
implemented in four stages. Figure 1 depicts the first three
stages which constitute the main backbone of the European
communications system.

Stage I. The upgrade for Stage I involves thirteen
sites. Four are operated and maintained by the Army and the
remainder are Air Force controlled. Stage I extends from
Coltano, Italy north to Vaihingen, Germany, with a desired
operational date of November 1977. Equipment for all thir-
teen sites is being acquired by the Army. New radio equip-
ment needs for Stage I will be a Defense Communications Sys-
tem microwave radio modified to satisfy the transmission re-
quirements for that increment of the upgrade program.

Stage II. Seven Army sites and six Air Force sites make
up Stage II of the project. Stage II, which will extend from
Vaihingen to Schoenfeld in Central Germany, is to be opera-
tional in June 1978. These communication sites have older,

sbsolete radio equipment that is projected to be replaced
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with a new digital radio developed by the Army., The Army,

as the responsible service for acquisition of microwave ra-
dios, has initiated the Digital Radio and Multiplex Acquisi-
tion (DRAMA) project, which is intended to satisfy many of
the Digital European Backbone equipment needs (Defense Com-
munications Agency, (1975:5-4). If this development program
proves highly satisfactory, the DRAMA radio set will become

a Defense Communications System standard for most digital ra-
dio microwave needs in the forseeable future,

Stage III. The third stage of the program continues
the backbone through Belgium to the United Kingdom and has a
desired completion date of December 1978. Figure 2 shows
the locations of the seventeen Stage III sites. Sixteen of
the seventeen sites identified as Stage III are Air Force op-
erated and maintained. The radio equipment presently in-
stalled at most of the Stage III sites is scheduled to remain
in place. These microwave analog FM radio sets were instal-
led as part of a relatively recent communications improvement
program designated as Scope Comm (The Scope Communications
System) .

The Scope Comm radio sets have been operational for ap-
proximately three years or less. It was because of this re-
cent analog FM radio acquisition and installation, that an
interface unit called the digital applique unit (DAU) was de-
veloped. The concept for satisfying the digital requirements
for Stage III using the existing Scope Comm radios was devel-

oped through the Rome Air Development Center (RADC), Griffiss
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Air Force Base. The combination of a digital applique unit,
interfaced with an analog FM microwave radio set, provides
the required digital transmission capability. Prototype de-
velopment of the digital applique unit has been completed and
the concept was successfully demonstrated. The advantages of
utilizing the digital applique unit concept include (Post,
1975257 3
a. far lower cost than a to-be-developed DRAMA
radio
b, ability to utilize radio equipment already
deployed or in DOD inventory
c. low technical risk (due to RADC development

program)
d. lower scheduling uncertainty

The DAU/Analog FM radio combination performs the same
function as the totally digital DRAMA radio. The basic re-
quirement of a digital bulk encrypted transmission capability
can effectively be achieved with this system. At the same
time, it extends the useful life of the existing Scope Comm
analog radio sets already in place at the Stage III sites.

Stage IV. The final configuration of Stage IV has not
been determined. Stage IV of the project will consist of
lateral links off the main backbone to provide digital inter-
connects to other Defense Communications System users.
Scheduled completion for Stage IV is December 1979 (Defense
Communications Agency, 1975:2-1, 5-1). Radio equipment for
this increment of the project could be either the DAU/Analog
FM radio combination or the digital DRAMA radio or a mix of

both.
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Statement of the Problem

The selection of the digital equipment configurations
for Stages II and III of the Digital European Backbone Pro-
gram are preliminary decisions based on estimated technical
and cost considerations. Because the DAU/FM analog radio
combination and the digital radio (Army DRAMA project) can
perform the same function, they both remain viable alterna-
tives to fulfill the digital requirements for Stages II, III
and IV. Final decisions for the digital equipment to be uti-
lized in these stages will be made as soon as sufficient
technical and cost data is available to conduct a tradeoff
analysis between equipmepnt alternatives.

Throughout the department of defense, continued emphasis
b is being placed on those costs incurred beyond acquisition of
new or modified hardware costs. It is important in most
tradeoff studies to determine the expected long term operat-
ing and support costs for potential systems. It is not uncom-

mon for the maintenance and support costs to exceed the orig-

inal cost of acquisition by several times. Escalating op-
erating and support costs and reduced defense budgets make it
essential that managers and planners arc not only aware of
what it costs to buy new equipment, but also how much it costs
to operate and support that equipment for its programed life
span.

At the present time, initial cost estimates for the dig-
ital applique unit and the digital radio have been concen-

trated on production costs and those initial costs required

e D9 B
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to bring the system into the operational inventory. It is
extremely difficult to make adequate tradeoff analyses in the
early conceptual planning and design phases of a system.
Equipment characteristics such as reliability and maintain-
ability are not available in sufficient detail to obtain
maintenance and support cost estimates. Prototype develop-
ment results will normally yield equipment reliability and
maintainability characteristics that are needed in computing
equipment maintenance and support costs.

Data is currently available from the digital applique
development to support a life cycle support cost analysis.
The request for proposal of the digital radio prototype de-
velopment should be released by the end of the fiscal year
and the required data from that development is not expected
until sometime in the calendar year 1977.

This thesis addresses the problem of estimating the
long term maintenance and support costs of the Digital Euro-
pean Backbone Stage III radio equipment alternatives. The
study focuses on providing the methodology for computing and
comparing the life cycle support cost estimates of the Digi-
tal equipment alternatives. The scope of the cost estimates
are limited to the relevant costs associated with the Stage

III sites and the DAU/FM analog radios or the digital radio.

Thesis Objective

The objective of this thesis is to develop and demon-

strate the utility of a life cycle logistics support cost
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model as a decision aid when discriminating between equip-
ment alternatives. The model developed, could provide the
methodology for cost comparisons to be used in future trade-
off studies following the completion of the digital radio
prototype development. The model developed in Chapter III
represents the maintenance and supply support concepts pres-
ently in effect at the Stage III communication sites. It
computes the initial nonrecurring acquisition costs and the
recurring costs expected over a span of ten years. The model
will provide a systematic approach to estimating the relevant

costs of the Stage III digital equipment alternatives.

Methodology

The methodology used in this study was to estimate the
cost of operating and supporting the Stage III radio equip-
ment using a cost model developed for that specific situa-
tion. The approach used to develop the model and compute the
desired cost estimate included the following steps:

1. The initial emphasis was a literature review of sys-
tem life cycle estimating techniques. The literature search
and review served as the educational process to relate cost
analysis to the specific area of life cycle costing metho-
dologies. Personal interviews were conducted with Air Force
cost estimating personnel from the Aeronautical Systems Divi-
sion, Electronics Systems Division and Air Force Logistics
Command .

2. A basic understanding of the Digital European Back-
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bone Program and the operational environment of the communi-
cations equipment was required. This was accomplished by a
review of program related literature, system technical re-
ports, technical orders and discussions with a great many
personnel involved in the project.

3. Cost elements had to be identified. Working from a
framework of major cost categories normally associated with
military systems, relevant subcategories and specific cost
elements determined applicable to this study were broken out
and defined.

4, Next, a cost model was formulated to represent the
cost elements. Mathematical equations were created to ex-
press the cost function of each cost element. The cost ele-
ment equations were then combined into a computerized ver-
sion of the basic cost model.

S. The cost estimate results were obtained by exercising
the computer model. Data obtained from a variety of program
related sources was input into the computer for the final
cost model results,

Life cycle cost is the total cost of a system or given
piece of equipment over its useful life, It includes all
the costs of research and development, acquisition and owner-
ship (operations, maintenance and support). According to
Menker, life cycle costing is the consideration of life cycle
costs or segments thereof and one of the principal activities
is the preparation of cost estimates for the area of concern

(Menker, 1975:1-4). This study effort focused its attention

10
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on the cost catcgorics of acquisition, maintenance and supply
support. Only those costs which were determined to be the
most relevant within these three cost categories were con-
sidered.

Gibson states that the effective application of life
cycle costing generally requires the use of a cost model
(Gibson, October 1975:1). A cost model consists of mathe-
matical relationships arranged in a systematic sequence de-
signed to obtain the resultant cost estimate. There are
many types of cost models in existence. Some attempts have
been made to develop generalized models that can be adapted
for particular situations, while others were developed for a
specific system. One of the more widely used models is the
Air Force Logistics Command's Logistics Support Cost (LSC)
Model.

The Logistics Support Cost Model in its general form
was not appropriate for the fixed ground communications en-
vironment addressed in the study. However, the model adapted
for this study was developed using the general Air Force Lo-

gistics Support Cost Model as a pattern.

Assumptions

The following basic assumptions were necessary to this
study's life cycle support cost estimating process:

1. The data obtained from the Maintenance Data Collec-
tion System (Air Force Manual 66-1, Maintenance Management)

resulted in a valid representation of the maintenance effort.

11
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2. Data obtained from the digital applique unit's pro-
totype development technical report is a reasonable repre-
sentation of its equipment characteristics,

3. The existing maintenance and supply support concepts
described and modeled in Chapter III are expected to be the

same for the new equipment alternatives.

Limitations

The scope of the research study was limited in the fol-
lowing ways:

1. The cost model designed for this study was adapted
to represent the fixed ground radio subsystem operation
presently in use at the Scope Comm sites in Europe. If basic
maintenance concepts change or differ, cost parameters
change, or any other cost elements change, this would re-
quire another iteration of the model. The results expressed
in this study reflect conditions and costs at the time of
data collection.

2. The model is limited to those cost elements deter-
mined essential by the researcher., It is extremely diffi-
cult to determine all operating and support costs that may
be attributed to individual equipment. Various indirect sup-
port costs such as electrical power consumption, facility
maintenance, administrative and support personnel costs were
not included.

3. The scope of this study is limited to the development

of a 1life cycle support cost model useful for making cost

12
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comparisons between digital equipment alternatives for Stage

IIT only.

Nature and Sources of Data Requirements

Data requirements to support the cost model came from a
variety of sources. The nature and sources of most data
were:

1. The Electronic System Division program office (DCF)
and cost analysis branch (ACF) furnished estimated
production costs of the digital applique unit. They
were supplied information from Rome Air Development
Center engineers on the prototype development of the
DAU. Using this information, estimates of system ac-
quisition costs were obtained from the PRICE model.
The PRICE (Programmed Review of Information for
Costing and Evaluation) model is a large-scale, com-
puterized model, that estimates 'probable costs" in

the early development of a system.

2. The Sacramento Air Logistics Center furnished price
data on the analog FM radio equipment parts and mod-

ules.

3. Headquarters European Communications Area furnished
maintenance system data, cost data and other system

related information,

4. The digital applique unit prototype was developed

under the project management of Rome Air Development

13
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Center microwave system cengineers. They supplied a
copy of the contractors technical report which in-
cluded maintenance and reliability information.
They also obtained initial cost estimates for digi-

tal applique modules.

5. Several official publications were also useful for
obtaining standard cost factors. They included:
a. DCA Circular 600-60-1; Defense Communica-
tions Agency Cost and Planning Factors

Manual

b. AFR 173-10 Vol. I (C2), USAP: Cost and
Planning Factors

c. AFLCP 173-10, Air Force Logistics Command:
Cost and Planning Factors

Overview of Remaining Chapters

Chapter II - Background discusses life cycle cost, cost
models in general terms, supportive cost model concepts, sys-
tem cost categories and related factors associated with cost
model development.

Chapter TII - Model Formulation includes definitions of

important concepts and factors that are fundamental parame-
ters to consider in developing a support cost model, It al-
so includes a description of the maintenance and supply sup-
port policies anticipated for Stage III equipment operation.
Finally, it defines the major cost elements of the model and
describes, in detail, the individual cost element equations,
parameters and variable names used in the model.

Chapter IV - Model Results provides a demonstration of

14
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the model based on the data collected for the DAU/Analog FM
radio equipment, specific parameters will be changed to ana-
lyze the effect on the resultant cost. This chapter will
conclude with a demonstration of the cost model in comparing
equipment alternatives,

Chapter V - Summary will present a concise summary of

the study, state conclusions and recommendations.
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IT. Background

The purpose of this chapter is to present a background
of cost analysis concepts and considerations involved in the
development of a support cost estimating model. Initial dis-
cussion points out the need for life cycle cost estimates of
defense systems. This is followed by a general cost analysis
description of military system cost categories. The cate-
gories of development, investment and operations are further
separated into subcategories of a systems total life cost.

As mentioned in the preceding chapter, this study is to esti-
mate the relevant support costs of the microwave radio equip-
ment using a modified version of an existing model. A brief
review of existing model types is presented and the chapter
concludes with a discussion of the Air Force Logistics Sup-

port Cost Model.

Total Cost Visibility

In the past several years, such factors as declining de-
fense budgets, inflation, rapidly increasing costs of new
systems and higher operating and support costs, has produced
renewed Department of Defense management emphasis to reduce
costs in all areas. With the trend toward reduced defense
spending, the Department of Defecnse is faced with the problem
of doing more with less resources. Therefore, the military
departments are confronted with the challenge to reduce ac-
quisition, operating and support costs of our defense systems

(Gansler, 1975:3).

16




—

GSM/SM/76S-22

Historically, visibility has not been concentrated on
the cost or expected cost to operate and support weapon sys-
tems. Operation and support of a weapon system was viewed as
a given fixed cost that must be accepted when introducing a
new system into the inventory. In the majority of cases,
most of the effort to estimate costs has been directed toward
the production and acquisition of a system, with little at-
tention to the cost of a system once it becomes operational.
Dr. John J. Bennet, Acting Assistant Secretary of Defense
for Installations and Logistics, states the following reasons
why the area of acquisition receives more attention than fol-
low on operating costs (Bennet, 1976:2).

1. The Department of Defense has more experience

in controlling production costs than operating

and support costs.

2. Operating and support costs are more complex
and insufficiently understood.

3. The operating and support cost data base is in-
complete and is just now being developed.

The need to estimate all costs related to weapon or sup-
port systems not only pertains to new systems, but also in-
cludes analysis of existing operational systems. Studies of
current operational field expericnce data indicate that
high ownership costs are not limited to new or complex sub-
systems (Gibson, 1976:1). Defense system Managers require
cost visibility into existing operational systems to identify
high operating cost items and determine the need for modifi-
cation or replacement.

One aspect of the recent emphasis on the total cost prob-

17
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lem, deals with the concept of system life cycle cost (LCC).
Life cycle costing is an analysis process to provide total
cost visibility of development, acquisition and operation of
a system over its full 1life. Using the concept of life cycle
cost, this study estimates the acquisition and support costs
associated with two types of microwave radio equipment. The
digital applique unit is a new development that will inter-
face with existing operational microwave radio sets. The
cost estimate obtained from this study, will provide visibil-
ity of life cycle support costs associated with the combined

operaton of new and existing equipment.

Cost Analysis and Related Life Cycle Categories

To facilitate the understanding of life cycle cost con-
cepts, it was necessary to review the nature and role of the
process of cost analysis in the context of the life cycle of
a weapon system, support system, or individual piece of equip-
ment. The following paragraphs describe fundamental analysis
considerations which apply to all systems, whether they are
aircraft, space, missile or communications.

System Cost Categories. The introduction of a weapon

system into the Air Force inventory can be divided into three
general cost categories of: (1) Development Costs, (2) In-
vestment Costs and (3) Operations Costs (Earles, 1976:43).

A breakdown of various elements of cost within these three
major categories is depicted in Figure 3. The development

category includes those costs in the early phase of a system

18
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nececssary to bring that system into a state of readiness for
introduction into the operational inventory. The costs assoc-
iated with preliminary research studies, designs, scientific
and engineering work, system prototypes, test articles, test
equipment and test operations are just a few that must be in-
cluded in the development category.

After the system has been developed and tested to the
acceptable level of performance, the decision is made to pro-
cure the system and place it in the operational inventory.

It is at this point that the costs associated with the inves-
ment category are specified. Investment costs are those one-
time outlays incurred when introducing a new system into the
inventory for operational use. Initial costs such as con-
struction or modification of facilities, acquisition of prime
system equipment, support equipment, test equipment and ini-
tial spare requirements are a few examples of the non-recur-
ring investment costs.

The third major cost category, operating costs, includes
all recurring annual costs which are necessary to operate
and support the ncw system throughout its useful life. A
few major costs included in this category are personnel pay
and allowances, recurring training, system maintenance, re-
plenishing spares, materials consumption and a wide variety
of indirect support costs.

The major cost categories are segregated according to
three sequential time phases in the life cycle of a system.

This was depicted by Fisher (see Fig. 4). He shows a time

20
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phased relationship of the system costs associated with the
three categories of development, investment and operation
(Fisher, 1968:131). This illustration also shows an overlap
between the three general cost categories. The overlap indi-
cates that although the three categories are separate and se-
quential, they are not totally independent and there is in-
teraction and interrelationships between them. Operational
requirements often influence the development and investment
categories and system development results will affect the
operations category. These interactions and interrelation-
ships between the general cost categories are the basic pre-
cepts behind the philosophy of Life Cycle Cos.ing.

System Life Cycle Costs. The Department of Defense Life

Cycle Costing Guide defines Life Cycle Cost of a system as
the total cost to the government of acquisition and owner-
ship of that system over its full life. It includes the cost
of development, acquisition, operation, support and where ap-
plicable, disposal (LCC-3, 1973:1-1). In its strictest sense,
life cycle cost is the sum of '"all" costs associated with a
system.

Effective life cycle cost estimating requires the under-
standing of the three major cost categories mentioned in the
previous section, their respective subcategories, the inter-
action between categories and the time horizon associated
with each. This then forms a useful framework from which an
analyst can determine the scope of a given cost estimating

problem. A more detailed list of life cycle cost categories

22
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and subcategories is presented in Table I. Although not a
complete checklist of potential cost categories, it helps to
identify most required resource categories (equipment, man-
power, etc.) one might encounter in a cost analysis of a sys-
tem or subsystem.

Life cycle cost estimates may include only portions of
the total cost, depending on the purpose of the analysis.
A particular segment of life cycle cost to be emphasized is
the cost of ownership of a system or piece of equipment once
it enters the operational inventory. For the purposes of
this study, cost of ownership refers to the relevant one-
time investment costs and recurring operating costs. The re-
curring operating costs to be identified are the logistic
costs associated with maintenance and supply support. De-
velopment costs will not be included because they are sunk
costs. The scope of the study considers the life cycle sup-
port costs incurred from acquisition of the digital applique
unit, modification of the analog radio sets and their respec-
tive maintenance and supply support costs over an estimated

operational period of ten years.

Life Cycle Cost Literature Review. After a review of

life cycle cost related literature, one begins to realize
that the bulk of this material is addressed primarily to air-
craft systems and their operating environment. There appears
to be relatively little written on the application of life
cycle costing techniques to fixed communications and elec-

tronics systems so the researcher was unable to find any spe-
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Table 1
Cost Analysis Categories for Individual Systems

I. Research and development costs

A. System development
B. System test and evaluation
C. Other system costs

II. Investment costs

A. Installations
B. Equipment
1. Primary mission

2. Specialized
3. Other

C. Stocks

1. Initial stock levels
2. Equipment spares and spare parts (initial)

D. Initial training
E. Miscellaneous

1. Initial transportation
2. Initial travel
3. Intermediate and support major command

III. Operation costs

A. Equipment and installations replacement

1. Primary mission equipment
2. Specialized equipment

3. Other equipment

4. 1Installations ‘

B. Maintenance

1. Primary mission equipment
2. Specialized equipment

3. Other equipment

4. Installations

C. Pay and allowances
D. Training
E. Fuels, lubricants and propellants

1. Primary mission equipment
2. Other

F. Services and miscellaneous

1. Transportation

2. Travel
3. Other (including maintenance of organizational
equipment)

G. Intermediate and support major command operation cost
o (only exceptionally included in cost analysis of
individual systems)

e

(Source: Fisher, 1968:132)
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cific methodology of how to implement these concepts for the
DAU/Analog FM radio communications equipment. Therefore, an
assumption of this study is that the philosophy and concepts
of life cycle costing, which has evolved in the aircraft cost
analysis arena, can appropriately be translated into useable
techniques for the fixed communication systems.

The methodology used in this thesis was to develop a
cost estimating routine adapted from principles and techniques
found in current use. In particular, the concepts of exist-
ing logistic support cost estimating techniques and cost mod-
els, were reviewed for the purpose of obtaining a life cycle
support cost for the DAU/Analog radio equipment. Various
cost estimating relationships, cost equations, and a system
cost model were formulated. These were used in deriving cost
estimates for the DAU/FM radio equipment. Cost sensitivity
analysis was performed using the cost model. The cost model
formulated for this study 1is a deterministic type of model
combining the techniques of cost analysis into a series of

mathematical equations.

Cost Models

Several attempts have been made to develop general life
cycle cost models, while a great majority of the models were
developed for a specific program, system or type of equip-
ment. There appears to be a sufficient stock of cost models
available, however, each cost estimating problem is unique.

This generally requires modifying an existing model to re-
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flect the specific application. Seclecting and modifying an
existing model depends not only on the system to be modeled,
but also the scope of the cost estimating problem.

Cost Modeling Procedure. The Logistics Cost Analysis

office at the Electronic Systems Division outlined a four
step procedure as guidance in the development of a cost esti-
mating model (Scherck, 1976:4-7). The initial step is to
understand and gain knowledge of the system. The second
step is to identify the significant cost elements. Step
three is the creation of the cost equations and finally the
development of the model. The variety of different factoers
that must be considered demands that cost estimating models
be tailored to the system. It is apparent that knowledge of
the system's life cycle phases of development, investment and
operations are required. Then, depending on the scope and
purpose of the cost estimating problem, more detailed under-
standing of the technical aspects of the equipment, mainte-
nance concepts, support requirements and operational environ-
ment may be needed. In short, it is necessary to have a good
idea of what the system is that you will attempt to model.
After this, cost elements that are determined to be
relevant can be identified. Cost elements are nothing more
than a classification of costs by type, such as; spares, main-
tenance manhours, acquisition costs and many others. The
list in Table I is a useful guide in the identification of
cost elements.

Once a thorough understanding of the system is achieved

26




GSM/SM/76S5-22

and cost elements have been identified, the selection or de-
velopment of an appropriate model is the next step. As was
stated earlier, there are a number of different cost models

in existence and exposure to a variety of models not only
broadens your knowledge of models, but also helps in selecting
and adapting equations that fit the particular situation.

Available Cost Models. A literature search revealed the

existence cof a wide variety of cost models dealing with life
cycle cost or segments of life cycle cost. A recent Air

Force Institute of Technology thesis, titled "A Summary and
Analysis of Selected Life Cycle Costing Techniques and Models"
presented a taxonomy of various life cycle cost models, their
purpose and computational methodology (Dover, 1974:16-51).
Dover's study defined six types of models based primarily on
the use for which each model was designed. The six types

are: accounting models, cost estimating relationship (CER)
models, simulation models, failure free warranty models, re-
liability models and economic analysis models. An Aeronauti-
cal Systems Division technical report on available cost models
also lists level of repair models, maintenance manpower plan-
ning models and inventory management models as separate cate-
gories in addition to those previously mentioned (Collins,
1974:6). Refer to Table II for a brief description of the
types of models mentioned above.

Accounting Model. Of the several types of models iden-

tified, the accounting model was selected to estimate the

radio equipment support costs of this study. The accounting
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Table II1
Types of Available Life Cycle Cost Models

1. Accounting Model. A set of equations which are used to
aggregate components of support costs, including costs of man-
power and material, to a total or subtotal of life cycle
costs.

2. Economic Analysis Model. A model characterized by con-
sideration of the time value of money, specific program
schedules and the question of investing money in the near fu-
ture to reduce costs in the more distant future.

3. Cost Estimating Relationship Model. An equation relat-
ing life cycle cost or some portion thereof, directly to
parameters that describe the design, performance, or opera-
ting environment of a system.

4, Reliability Improvement Cost Model. An equation that re-
flects the cost associated with improving equipment reli-
ability.

5. Level of Repair Analysis Model. A model that, for a
given piece of equipment, determines a minimum cost main-
tenance policy from among a set of policy options that typ-
ically include discard at failure, repair at base and repair
at depot.

6. Maintenance Manpower Planning Model. A model that de-
termines the cost impact of alternative maintenance manpower
requirements of the effects of alternative equipment designs
on maintenance manpower requirements.

7. Inventory Management Model. A model that determines, for
a given system, a set of spare part stock levels that is op-
timal in that it minimizes system spares costs or minimizes

the Not Operationally Ready Supply (NORS) rate of the system.

8. Warranty Model. A model that assesses the relative
costs of having the Government do in-house maintenarnce ver-
sus having this maintenance performed by contractors under
warranty.

(Source: Collins, 1974:6,7)
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model is useful for comparing and discriminating between al-
ternatives where the relative cost difference is the desired
figure of merit. The selection of the particular accounting
model to be adapted for this study will be discussed in
greater detail in the next section.

A cost model is a structured analog of reality. It is
a representation of a physical situation which describes the
relationship between elements of the process or system it is
imitating (Logistics Support Cost Model User's Guide, 1975:2).

Accounting models are characterized by representing the
system or process with mathematical relationships of impor-
tant system parameters. The model is simply a set of mathe-
matical equation statements describing the conditions of the
system or process. Accounting models normally yield a unique
set of answers or a single answer for any given set of input
variable values. Performing sensitivity analysis by varying
the value of a specific parameter will yield an answer within
a range of values.

The development of an accounting model or the tailoring
of an existing model should serve two purposes. First, the
model should provide an orderly and logical way of looking at
the interrelationships of the major factors of the system.
Second, it should serve as a tool for sensitivity analysis,
evaluating changes in total costs caused by varying important

system parameters.
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Rationale for Model Selection

System operating and support costs are typically great-
er than, and often several times greater than, the initial
acquisition cost. Using a life cycle cost model is a gener-
ally accepted technique to estimate the operating and support
costs that may be incurred when acquiring a given system.
Estimates attained from a life cycle cost model can give the
system managers and users greater visibility of resource re-
quirements over the total life of the system. Life cycle
cost estimates are prepared for a variety of purposes and
several of their uses are listed below (Menker, 1975:1-1):

a. Estimate total ownership cost of proposed system.
b. Identify major operating and support cost elements.

Examine logistics (supply and maintenance) philos-
ophies.

d. Conduct tradeoff studies between alternate systems
or designs.

e. Evaluate equipment modification or replacement de-
cisions.

f. Evaluate engineering change proposals.
g. Perform economic feasibility studies.

The purpose of the model developed in Chapter III is to pro-
vide a methodology to conduct cost tradeoff analyses among
the alternatives of digital radio equipment for Stage III of
the Digital European Backbone Program.

Logistics Support Cost Model. Various cost models were

identified during this research effort by review of the lit-
erature and discussion with Air Force Systems Command and Air
Force Logistics Command personnel. The accounting type model

was the most frequently referenced cost estimating technique
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for computing the operating and support segment of life cycle
costs. Of the many accounting models available, the Air
Force Logistics Support Cost Model is one of the most famil-
iar and widely used (Dover, 1975:19). Although it has become
relatively standard, it must be tailored for each new appli-
cation and multiple versions of the model exist. As men-

tioned earlier, accounting models are basically a structured

method of adding up life cycle component costs (Paulson, 1971:

12). The Logistics Support Cost Model aggregates the cost of
ten subcategories of cost, each represented by a mathematical
equation. The ten cost elements of the model are (Air Force
Logistics Command; Logistics Support Cost Model User's Hand-

book, 1975):

1. Initial and replacement spares costs.

2. On-equipment maintenance costs.

3. Off-equipment maintenance costs.

4. Inventory and supply management costs.

5. Support equipment costs.

6. Training costs (personnel and equipment).
7. Management and technical data costs.

8. Facilities costs.

9. Fuel consumption costs.
10. Spare engine costs.

The logistics support cost model has been used by sev-
eral program offices in the early stages of system develop-
ment to estimate expected logistics support costs. It has
received wide usage in source selection evaluations and de-
sign tradeoff decisions. Tailored versions of the model to

fit the specific system have been used as one of the source
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sclection criteria on such systems as the ARC/164 UHF radio,
B-1 electronic countermeasures package, F-16 aircraft, A-10
aircraft and new TACAN sets (Collins, 1976:56 and Galin,
1975:26). Contractors were supplied the model as part of

the request for proposal and they were required to supply the
values for the parameters in their response. The support
cost model is not only used in source selection, but the
early estimates obtained from contractors have been used as
contractual commitments involving positive and negative in-
centive clauses (Stanesburg, 1976:20).

Model Sclection. The researcher sclected the logistics

support cost model as a guide to develop the equations for
the radio equipment cost relationships. Although most of the
equations of the basic logistics support cost model do not
reflect the radio communications situation, the concepts are
similar and readily adaptable. It is also a widely used and
accepted accounting model for estimating life cycle operating
and support costs and has been adapted for a variety of ap-

plications as mentioned in the previous section.

Summary

This chapter discussed the need for total cost visibil-
ity of new and existing systems. System life cycle cost cat-
egories were identified and several types of cost models were
listed. The chapter concluded with a discussion of the lo-
gistics support cost model.

The next chapter will identify important support factors

and discuss their relationship to estimating support costs.
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III. Model Formulation

Prior to describing in detail the cost equations for each
element of the model a brief overview of a few important con-
cepts and definitions is in order. Most logistic support cost
models are formulated around the three following fundamental
and related areas; equipment characteristics, maintenance
concepts, and supply support requirements. The interaction
between these three factors determines the relevant and pre-
vailing costs associated with the operation of a system or
piece of equipment. The following sections will serve to
point out the relationships between the three factors and de-

fine important equipment, maintenance, and supply parameters.

Equipment Characteristics

Reliability and maintainability are the predominate equip-
ment characteristics from which 1life cycle logistic support
cost models are developed. According to the joint Air Force
Logistics Command and Systems Command Pamphlet 400-11 they
are defined as follows:

Reliability is the probability that an item will per-
form a required function under specified conditions
for a specified period of time. Reliability may be
expressed in terms such as mean-time-between-failures
(MTBF), operating time between failures, or as a
decimal value.

Maintainability is a characteristic of design and in-
stallation expressed as the probability that an item
will be retained in or restored to a specific condi-
tion within a given period of time when the mainte-
nance is performed according to prescribed procedures
and resources.
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Reliability and maintainability are expressed in terms of
measurable parameters of mean-time-between-failures (MTBF)
and mean-time-to-repair (MTTR), respectively. Definitions
for these technical equipment parameters are (United States
Department of Defense, MIL-STD-721B, 1966:5,6):
Mean-time-between-failures (MTBF) for a particular
interval, the total functioning life of a population
of an item divided by the total number of failures
within the population during the measurement interval.

The definition holds for times, cycles, miles, events
or other measures of life units.

Mean-time-to-repair (MTTR) is the total corrective
maintenance time divided by the total number of cor-
rective maintenance actions during a given period of
time.

Reliability is a principal equipment performance factor
influencing design and life cycle support costs. It is con-
i sidered the lead factor in determining other factors such as;
maintenance, spares, and other support requirements. The
technical equipment parameter mean-time-between-failures is
used extensively in most logistics support cost models. Six

of the thirteen cost element equations of the model developed

in this study required the use of mean-time-between-failures

as an independent variable. Determination of the expected
number of failures over a projected equipment usage period is
obtained using the derived values of mean-time-between-failures.
The number of failures translates directly to an equal number
of required maintenance actions. The technical parameter
mean-time-to-repair, associated with equipment maintainability,
indicates the maintenance man-hours required to repair each

failure. At the same time, each repair action would generally
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result in a demand on the supply system to furnish the needed
or serviceable spares to correct the failure. Replenishment
spares must be provided for that fraction of failures that
are condemned. This briefly demonstrates how the factor of
equipment characteristics influences maintenance and supply
support. It can be stated that reliability and maintainability
are considerations of equipment design, while maintenance and
supply support are consequences of that design (Air Force Lo-
gistics Command Pamphlet, 1973:11).

The following example further illustrates the link techni-
cal equipment parameters have on life cycle maintenance and
supply support costs. Consider a hypothetical piece of equip-

ment with the following parameter values:

Mean-operating-time-between-failures (MTBF) 1000 Hours

Mean-time-to-repair (MTTR)

"

5 Hours

Direct Maintenance Labor Cost (DLC)

$10 per hour

Supply Cost/Replacement Part (SC) $100 per part

Projected Operating Hours (POH) 100,000 Hours

Life Cycle Support Cost Calculations

L o POR 100,000 :
Number of Failures = MTBE '_Tﬁ%ﬁ—_ 100 Failures

Total Labor Cost = (Number of Failures) (MTTR) (DLC)
= (100) (10) (5) = $5,000

Total Supply Costs = (Number of Failures) (SC)
= (100) (100) = $10,000

Total Support Cost = ($5,000) + ($10,000) = $15,000

35

e ————— P




GSM/SM/76S-22

Maintenance Concepts

Maintenance actions are subdivided into either scheduled

or unscheduled maintenance. Total maintenance requirements

include those that occur on an unscheduled basis (failures)
and those which are scheduled (preplanned by policy). The
purpose of scheduled maintenance is to prevent failures and is
often referred to as preventive maintenance. It is the per-
formance of various prescribed routines such as; inspections,
alignments, or servicing. These routines are accomplished on
a periodic pre-planned interval or schedule a