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Preface

Thi s thesis is the result of my efforts of develop ing a

cost mode l for comparing alternative digi tal radio equipment

for Stage III of the Digi tal European Backbone Upgrade Pro-

ject. The study develops and demonstrates a life cycle lo-

g isti cs suppor t cost model represen ting relevan t ini tial in-

ve stment costs and recurring maintenance and supply support

costs. This cost-based methodology provides a systematic ap-

proach to estimating relative cost magni tudes and relative

cost differentials as figures of merit between equ ipment al-

ternatives.

I want to express my gratitude to my advisor , Lt. Col .

Adrian Harrell , and my reader , Dr. Keith Womer for sticking

wi th me to the bitter end and providing the much needed di-

rec t ion , guidance and impetus toward the accomplishment of

this project. Also , to my typis t , Mrs. Charle tte Kjesbo , I

express my thanks for a fine job .

I especially wish to express sincere apprec iation to my

family for their patience , unders tanding , and encouragement

through the many frus trations and essential ly doing withou t

me during the past fifteen months. My wife , Sharon , deserves

a spec ial 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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4 Abs trac t
t

This study provides a cost-based methodology for com-

paring al terna tive fixed ground communications radios. The

study develops and demonstrates a life cycle logis tics sup-

port cost modc1 representing relevant initial investment

costs and recurring maintenance and supply support costs.

The scope of the study addres ses only Stage III of the Dig i-

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 relevan t costs of proposed equip-

ment opt ions over their expec ted usage period . The model
/

y ield s estimated cost results that indicate relative cost

magn it udes and re lati ve cost diff erential compar isons as

figures of merit between equipment alternatives.

1~
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I. Introduction

Program Overview

The Defense Communications Agency (DCA), in conjunc tion

with the military departments , is embark ing on the initial

phase of impr ov ing worldwide m ilita ry communica ti ons . The

objective is to upgrade the various Defense Communications

Systems (DCS) incremen tal ly, as plans and requiremen ts evolve

from system improvemen t plans (Hq . USAF , Program Managemen t

Directive , 1975:18). The Digital European Backbone (DEB)

Upgrade Project is the first in this expected series of ef-

forts for an overal l Defense Communica tions System wideband

transmis3ion improvement program .

The presen t Eu ropean wideb and communic ations system is

a m ix of several types of older communication subsystems.

This non-s tandard assemblage of equipment is considered tech-

nically obsol ete and presents main tenance , logis tics and op-

erational problem s . The Digital European Backbone Program is

to improv e the terres trial European wid eband communica tions

subsys tem that extends from Italy through the Federal Repub-

l ic of ~ermany and Belgium in to Engl and (Defense Commun ica-

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 depar tmen t of primary responsibili ty for implemen ta-

tion . Program management for implementation of the upgrade

projec t is the Electronic System s Division (ESD/DCF) 
Digital1
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European Backbone System Program Office. The Army is respon-

sib l e for dev elopmen t and acquis it ion of var i ous rad i o equ ip-

ment required for the Dig ital Europ can Backbon e upgr ade pr o-

ject (Defense Communications Agency , 1975:3-1). Specifically,

the project is to upgrade most of the existing equ ipment with

modern , reliable , di g ita l transm ission subsys tems . The

Euro pean Defense Communications Sys tem will be trans it ioned

from a nonsecure analog system to a predom inately digital

bulk encryp ted system.

The Digi tal European Backbone Program is scheduled to be

implemen ted in four stages . Figure 1 depic ts the first three

stages which constitute the main backbone of the European

communication s system .

Stage I. The upgrade for Stage I involves thirteen

sites. Four are operated and maintained by the Army and the

rem ainder are Air Force controlled . Stage I extends from

Col tano , Italy nor th to Vaihingen , Germany , with a desired

operational date of November 1977. Equipment for all thir-

teen site s 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 ,

..~bsole te radio equipment that is projected to be replaced2
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wi th a new digital radio developed by the Army . The Army,

as the responsible service for acquisition of microwave ra-

dios , has ini tiated the Digital Radio and Multiplex Acquisi-

tion (DRAMA) project , which is intended to satisfy many of

the Digi tal European Backbone equipmen t needs (Defense Corn-

mun icatigns Agency , (1975:5-4). If this development program

proves h i ghly satisfactory, the DRAMA radio set will become

a Defense Communica tions System standard for mos t dig it al ra-

dio m icrowave 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 main tained . The radio equipment presently in-

stalled at mo st of the Stage III si tes is scheduled to remain

in place. These microwave analog FM radio sets were instal-

led as part of a relatively recen t communica tions improvemen t

program designated as Scope Comm (The Scope Communications

System).

The Scope Comm radio sets have been operational for ap-

pr oximately three years or less. It was because of this re-

cent analog FM radio acquis ition and installation , that an

in terface unit called the digital applique unit (DAU) was de-

veloped. The concep t for satisfying the digital requirements

for Stage III using the existing Scope Comm radios was devel-

oped through the Rome Air Development Center (RADC), Griff iss

4
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A ir Force Base. The combina t ion of a d ig ital appli que unit ,

inter faced with an analog FM microwave radio set , provide s

the required di g ital transmission capability. Prototype de-

velopmen t of the dig ital applique unit has been comp le ted and

the concep t was successfu l ly demons tra ted . The adv antages of

utilizing t~ie dig i tal applique unit concept include (Post ,

1975:5):

a. far lower cost than a to-be-developed DRAMA
radio

h . ability to utilize radio equipment alread y
dep lo yed or in DOD inventory

c. low technical risk (due to RADC development
p rogram )

d. lower scheduling uncer tainty

The DAU/Analog FM radio combina t ion performs the same

func t ion as the totally digi tal DRAMA radio. The basic re-

quirement of a digital bulk encrypted transmission capability

can effectively be achieved with this system . At the same

t ime , it extends the useful life of the existing Scope Comm

analog radio se ts already in place at the Stage III sites .

Stage IV. The final configuration of Stage IV has not

been de termined . Stage TV of the project will consist of

lateral links off the main backbone to provide digita l inter-

connects to other Defense Communications System users.

Scheduled comple t ion for Stage IV is December 1979 (Defense

Commun ications Agency, 1975:2-1 , 5- 1). Radio equipment for

this increment of the project could be either the DAU/Analog

FM rad i o comb i nati on or the dig ital DRAMA rad io or a mix of

bo th.

)

6
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Statement of the Prob l em

4 (. The selection of the di gi t ;i I equipment confi gurations

for Stages II and III of the Digital European Backbone Pro-

gram are preliminary decision s based on estimated technical

and cost considera tions . Because the DAU/FM analog radio

combina tion and the digital radio (Army DRAMA projec t) can

perform the same function , they bo th rema in viable al terna-

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 sufficien t

techn ica l and cost da ta is available to conduct a tradeoff

analysis between equipmeii t alterr .atives.

Throughou t the department of defense , continued emphasis

( 
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 suppor t costs for potential systems. It is not uncom-

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

inal cos t of acquisition by several times. Escalating op-

era ting and support costs and reduced defense budgets make it

essent ia l that mana gers and planners arc not only aware of

what i t costs to buy new equipmen t , but also how much it costs

to opera te and suppor t that equ ipmen t for its programed life

span .

At the present time , ini tial cost estimates for the dig-

ital applique unit and the digital radio have been concen-

trated on production Costs and those initial costs required

7

• -



GSM/SM/76S-22

to bring the system into the operational inventory . It is

ex tremely difficul t to make adequate tradeoff analyses in the

early conceptual planning and desi gn phase s of a system .

Equ i pment characteristics such as reliability and maintain-

ability are not available in sufficient detail to obtain

ma intenance and suppor t cost estimates . Prototype devel op-

ment results wi ll normally yield equipment reliability and

m aintainability characteristics that are needed in computing

equipm ent main tenance and suppor t costs.

Data is curren tly available from the digi tal applique

developmen t to support a life cycle suppor t cost analysis.

The request for proposal of the digi tal radio prototype de-

velopmen t 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 Dig ital 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 sit es and the DALJ/FM analog radios or the digi tal radio.

Thes is Objective

The objective of this thesis is to develop and demon-

strate the utility of a life cycle log is t ics suppor t cos

t8
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model as a decision aid when discrimin ating between equip-

men t alternatives. The model developed , could provide the

me thodology for cost comparisons to be used in future trade-

off studies following the completion of the digital radio

pro totype development. The model developed in Chapter III

represen ts the main tenance and supply support concep ts pres-

ently in effect at the Stage III communication sites. It

computes the initial nonrecurring acquisition costs and the

recurr ing costs expected over a span of ten years. The model

wil l prov ide a systema tic approach to estima ting the relevan t

costs of the Stage III digital equipment alternatives.

Methodology

The me thodology used in this study was to estimate the

cost of operating and supporting the Stage III radio equip-

men t using a cost model developed for that specific situa-

tion . The approach used to develop the model and compute the

desired cost estima te included the following steps:

1 . The initial emphasis was a literature review of sys-

tem life cycle estimating techni ques. The li terature search

and rev iew served as the educational process to relate cost

ana lysis to the specific area of life cycle costing metho-

dolog ies. Persona l 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 unders tanding of the Digital European Back-

9
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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 rela ted li terature , system technical re-

por ts, technical orders and discussions with a great many

personn el involved in the project.

3. Cost elements had to be identified . Working from a

framework of major cost categories norma lly assoc iated wit h

military systems , re levan t subca tegories and spec ific cost

elemen ts de termined applicable to this study were broken out

and def ined .

4. Nex t , a cost model was formu lated to represen t the

cost elements. Mathematical equations were created to ex-

press the cost func t ion of each cos t elemen t . The cost ele-

men t 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

rela t ed sourc es was input into the computer for the final

cost model results .

Life cycle cos t is the total cost of a system or given

piec e of equipment over its useful life . It includes all

the Costs of research and development , acquisi tion and owner-

ship (operatio ns , m aintenance and support). According to

Menker , lif e 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 , 197S:1-4). This study effort focused its attcntion

10
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on the cost categories of acquisition , main tenan ce and suppl y

support. Only those costs which were determined to be the

most relevan t 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 mad e to develop generalized models that can be adapted

for par ticular 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 Log istics Support Cost Model in its general form

was not appropriate for the fixed ground communica tions en-

vironment addressed in the study . However , the model adapted

for this study was developed using the general Air Force Lo-

g istics Support Cost Model as a pattern .

Assump tions

The following basic assumptions were necessary to this

study ’s life cycle suppor t cost estimating process :

1. The data obtained from the Maintenance Data Collec-

tion System (Air Force Manual 66-1 , Maintenance Management)

resul ted in a valid representation of the maintenance effort.

11
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2. Data obtained from the di gital appli que uni t ’’- pro-

totype developmen t technical report is a reasonable repre-

sentation of its equipment characteristics.

3. The existing maintenance and supply support concepts

described and model ed in Chapter III are expec ted to be the

same for the new equipmen t alternati ves .

Limi tat ions

The scope of the research study was limi ted in the fol-

low ing ways :

1. The cost model designed for this study was adapted

to represen t the fixed ground radio subsystem operation

pre sently in use at the Scope Comm sites in Europe . If basic

main tenance concep ts change or differ , cost param eters

change , or any other cost elemen ts change , this would re-

quire another iteration of the model. The resul ts expressed

in this study reflect conditions and costs at the time of

data collec tion .

2. The model is limi ted to those cost elements deter •

m ined essential by the researcher. It is extremely diffi-

cul t to determine all operating and support costs that may

be attr ibuted to indiv idual equ i pmen t. Various indirect sup-

por t costs such as electrical power consumption , facili ty

ma intenance , adminis trative and support personnel costs were

not included .

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

of a life cycle support cost model usefu l for making cost

q..

12
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comparisons between digital equipment alternatives for Stage

III only.

Nature and Sources of Data Reguirements

Data requ irements to support the cost model came from a

varie ty of sources. The nature and sources of most data

were :

1. The Elec tronic System Division program office (DCF)

and cos t analysis branch (ACF) furnished estimated

produc tion costs of the digital applique unit. They

were supp lied information from Rome Air Development

Center eng ineers on the prototype development of the

DAU . Using this information , estima tes 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-

ule s .

3. Headquarters European Communications Area furnished

main tenance system data , cost data and other system

rela ted information .

4. The dig ital applique unit prototype was developed

( under the project management of Rome Air Development

13
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(:ent(• r m icrowave system eng ineers. They suppli ed a

copy of the contractors technical report which in-

cluded maintenance and reliability information.

They also ob tained ini t ial cost est imates for di g i-

tal applique modules.

5. Several official publ ications were also useful for

obta inin g standard cost factors. They included:

a . DCA Circular 600-60-1; Defense Communica-
t ions Agency Cost and Planning Factors
Manual

b. APR 17 3- 10 Vo l . I (C2), USAF : Cost and
Planning Factors

c. AFLCP 173-10 , Air Forc e Log istic s Command :
Cost and Planning Factors

Overview of Rema ining Chapters

Chap ter II - Background discusses life cycl e cost , cost

models in general terms , suppor ti ve cost mode l concep ts , sys-

tem cost categories and rel ated factors associa ted wi th cost

model development.

Ch apter III - Model Formulation includes definitions of

impor tant concepts and factors that are fundamental parame-

ters to consider in developing a support cost model. It al-

so includes a descrip tion of the ma intenance and supply sup-

port poli cies anticipated for Stage III equipment operation .

Finally, it defines the major cost elements of the model and

describ es, in detail , the individual cost element equations ,

parame ters and var iable names used in the mod el .

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 equi pment , specific parameters will he changed to ana-

lyze the effect on the resultant cost. This chapter will

conclude w ith a demons trat ion of the cost model in comparing

equipmen t alternatives.

Chap ter V - Summary will present a concise summary of

the study , state conclus ions and recommend at ions.

(

(

15
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Ill . Back ground

The purpose of th is chapt er is to presen t a background

of cost analysis concepts and considerations involved in the

developmen t of a support cos t estima ting model . Ini tial dis-

cussion poin ts out the need for life cycle cost estimates of

defense systems. This is followed by a general cost analysis

descri ption of military system cost categories. The cate-

gories of developmen t , investment and operations are further

separa ted in to subca tegor i es of a systems total life cost.

As men t ioned in the preceding chap ter , this study is to esti-

ma te the relevant support costs of the microwave radio equ ip-

men t using a modified version of an existing model. A brief

review of exis ting model types is presented and the chapter

concludes wi th a discussion of the Air Force Logistics Sup-

port Cost Model.

Total Cost Visibilit y

In the past several years , such fac tors as declinin g de-

fense budgets , inflation , rapid ly increasing costs of new

syst ems and h i gher operating and support costs , has produced

renewed Department of Defense managemen t emphas is to reduce

costs in all areas. With the trend toward reduced defense

spendin g, the Department of Defense is faced with the problem

of doing more wi th less resources. Therefore , the mil it ary

depar tments are confronted with the challenge to reduce ac-

quisi t ion , operating and support costs of our defense systems

(Gansler , 1975:3).

16
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Hi storicafly, visibility has not been concen trated on

the cost or expec ted cost to opera te and suppor t 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 direc ted toward

the produc ti on and acquis it ion of a system , with little at-

tention to the cost of a system once it becomes operational.

Dr . John J . Bennet , Ac ting Assistant Secretary of Defense

for Installations and Logistics , states the followin g reasons

why the area of acquisi tion 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 insufficien tly understood .

3. The opera ting 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

curr ent operational field experience data indicate that

high ownership costs are not limited to new or complex sub-

systems (Gibson , 1976:1). Defense system Managers require

cost visibi lity into existing operational system s 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 - ii

17
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lem , deals with the concept of system life cycle cost (LCC).
L I

Life cycle costing is an anal ysis process to provide total

cost v i s i h i l i t y  of development , acquisi ti on and operation of

a system over its full life. Using the concept of life cycle

cos t , this study estimates the acquisition and support costs

associated with two types of microwave radio equipment . The

di gital applique unit is a new development that will inter-

face wi th 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 exis ti ng equipment.

Cost Analysis and Related Life Cycle Categories

To facilitate the understanding of life cycle cost con-

( cepts, it was necess-ary 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

considera tions which apply to all systems , whether they are

aircraf t , space , missile or communica tions.

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-

ves tment 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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necessary to hr ing that system into a state of readiness for

t introduction into the operational inventory. The costs assoc-

ia ted wi th pre l im inary res earch studies , desi gns , scien ti f ic

and en gi neer in g work , sys tem pro totypes , tes t ar t ic les , test

equ ipmen t 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

accep table level  of performance , the decis ion is made to pro-

cure the sys tem and place i t in the opera t ional inven tory .

It is at this point that the Costs associated with the inves-

men t category are specified. Investment costs are those one-

time outlays incurred when introducing a new system into the

inven tory for operational use. Initial costs such as con-

struction or modificati on of facilities , acquisi tion of prime

system equipment , suppor t equipmen t , test equ ipment and ini-

tial spare requirements are a few examples of the non-recur-

ring inves tmen t cos ts .

The third major cos t ca tegory , opera t ing cos ts , includes

al l recurring annual costs which are necessary to operate

and support tlic new system throughout its useful lifc . A

few major costs included in this categciy are personnel pay

and allowances , recurring tra in ing , sys tem main tenance , re-

pleni shing spare s, ma terials consumption and a wide variety

of indir ect support costs.

The major cost categories are segregated according to

three sequential time phases in the life cycle of a system .

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

20
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phased rel at ionship of the sys tem co st s assoc iated wit h the

three categori es of developmen t , inves tment and operation

(Fisher , 1968:1 31). This i llus trati on also shows an overlap

between the three gener al cost categories . The overlap ind i-

cates that althoug h the three categories are separate and se-

quential , they are not totally independen t and there is in-

teraction and interrelationships between them . Operational

requiremen ts often influence the development and investment

categories and system development results will affect the

opera tions 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 it s full life . It includes the cost

of developmen t , acqu i s i t ion , operation , suppor t and where ap-

plicable , disposal (LCC-3 , 1973: 1-1). In its strictest sense ,

life cycle cost is the sum of “all” costs associa ted 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

wi th each. This then form s a usefu l 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. Althoug h not a

complete checklist of potent ial cost categories , it helps to

iden tify most required resource categories (equipment , man-

power , etc.) one mi ght encounter in a cost analysi s of a sys-

tem or subsystem .

Lif e cycl e cost estimates may include only por ti ons of

the total cost , depending on the purpose of the anal ysis .

A particular segment of life cycle cost to he emphasized is

the cost of ownership of a system or pi ece 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-

curr ing 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-

por t costs incurred from acquisition of the digital applique

unit , modific ation 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 be gins 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 costi ng techn iques to fixed communica tions and elec-

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

I .  Research and development costs

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

I I .  Investment costs

A. Instal la t ions
B. Equi pment

1. Primary mission
2.  Spec ialized
3. Other

C . Stocks
1. I n i t i a l  stock levels
2. Equipment spares and spare parts ( i n i t i a l )

D. Init ial  training
E. Miscellaneous

1. In i t ia l  t ransportat ion
2. Ini t ia l  travel
3. Intermediate and support major coninand

I I I .  Operation costs

A. Equipment and insta l la t ions replacement
1. Primary mission equipment
2. Specialized equipment
3. Other equipment
4. Ins ta l la t ions

B. Maintenance
I .  D~.imary mission equi pment
2.  Special ized equipment
3. Other equipment
4. In s tal lat ions

C. Pay and allowances
D. Training
E. Fue l s, lubricants and propellant s

1. Primary mission equip ment
2.  Other

F.  Services and miscellaneous

1. Transportation
2. Travel
3. Other ( including maintenance of organizational

equi pment)

C. Intermediate and support major coemand operation cost
(only exceptionally included in cost analysis of
individual systems)

(Source: Fisher , 1968:132)
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cific methodolo gy of how to imp lement these concepts for the

DAli/Analo g FM radio communica t ions equipmen t. Therefore , an

assump t ion of this study is that the philosophy and concepts

of life cy cle costing , which has evolved in the aircraft cost

a n a l y s i s  arena , can appropriately be translated into useable

techn iques for the fixed communica tion systems .

The methodology used in this thesis was to develop a

cos t esti m at ing rou tine adap ted from princi ples and techniques

found in curren t use . In particular , the conc epts of exis t-

ing logistic support cost estimating techniques and cost mod-

els , were revi ewed for the purpose of obtaining a life cycle

support cost for the DAU/Analog radio equipment. Various

cos t est ima ting relationships , cost equations , and a system

cos t model were formulated. These were used in deriving cost

estimates for the DAli/FM radio equipment. Cost sensitivity

analy sis was performed using the cost model. The cost model

formula ted for this study is a determinis tic type of model

combin ing 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-

men t. There appears to be a sufficient stock of cost models

ava i lable , however , each cost estimating problem is unique.

This generally requires modifying an existing model to re-

25
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flect the specific application. Selecting and modif ying an

exi sting model depends not only on the system to be modeled ,

bu t also the scope of the cost estimating problem .

Cost Modeling Procedure. The Logistics Cost Analysis

office at the Elec tronic Systems Divi sion out lined a four

step procedure as guidance in the developmen t of a cost esti-

ma ting model (Scherck , 1976:4-7). The initial step is to

unders tand and gain knowled ge of the system. The second

step is to identify the si gnif icant cost elements. Step

three is the creation of the cost equations and finally the

developm ent of the model. The variety of different factors

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 developmen t , investment and

operat ions 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 concep ts , suppor t requirements and operational environ-

men t may be needed . In short , it is necessary to have a good

idea of what the system i s that you will attempt to model.

After this , cost elements that are determined to be

relevan t can be identified . Cost elements are nothing more

than a classific ati on of costs by type , such as; spares , main-

tenance manhours , acquisition costs and many others. The

l ist in Table I is a useful guide in the identification of

cost elements.

( Once a thorough unders tanding of the system is achieved

26
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and cost elements have been identified , the selection or de-

velopment of an appropriate mode l is the next step . As was

stated earlier , there are a number of d ifferent cost models

in  existence and exposure to a variety of models not only

bro adens your knowledge of models , but also helps in selecting

and adapting equations that fit the particular situation .

Avai lable Cost Models. A literature search revealed the

exis tence of a wide variety of cost models dealing with life

cyc le cost or segments of life cycle cost. A recent Air

Forc e Ins titute 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 def ined six types of models based primarily on

the use for which each model was designed . The six types

ar e : accoun ting models , cost estima t ing relationship (CER)

models , simula tion models , failure free warranty models , re-

liab ility models and economic analysis models. An Aeronauti-

cal Systems Division technical report on available cost models

also lists level of repair models , main tenance manpower plan-

n ing 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 .

Accoun ting Model. Of the several types of models iden-

tified , the accounting model was selected to estimate the

rad i o equi pmen t support costs of this study . The accoun t ing

27
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Table I I
Types of Available Life Cycle Cost Models

1. Accounting Model. A set of equations which are used to
aggrega te components of support costs , including cos ts of man-
power and ma terial , 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
requiremen ts 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 maintenance ver—
Bus having this maintenance performed by contractors under
warranty.

(Source: Collins , 1974:6,7)
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model is useful for comparing and discr imina ti ng between al-

ternatives where the relative cost difference is the desired

fi gure of mer it. 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 struc tured analog of reali ty. It is

a represen tation of a physical situation which describes the

re lation ship between elemen ts of the process or system it is

imi tating (Logis ti cs Support Cost Model User ’s Guide , 1975:2).

Accoun ting 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

varia ble values. Performing sensitivity analysis by varying

the value of a specific parame ter will yield an answer within

a range of values .

The developmen t of an accounting model or the tailoring

of an exis ting 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 ,

evalua ting changes in total costs caused by varying important

system parame ters .
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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 ini tial

acquis it ion cost . Using a life cyc le 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-

quiremen ts over the total life of the system . Life cycle

cost estimates are prepared for a variety of purposes and

several of their uses are lis ted below (Menker , 1975:1-1):

a. Estima te total ownership cost of proposed system.
h . Identify major operating and suppor t cost elements.
c. Exam ine logistics (supply and maintenance) philos-

ophi es.
d. Conduct tradeoff studies between alternate systems

or desi gns.
e. Evalua te equipmen t modifica tion or replacemen t de-

cis ions .

f. Evaluate engineering change proposals.

g. Perform economic feasibi lity studies.

The purpose of the model developed in Chapter III is to pro-

vide a me thodology to conduct cost tradeoff analyses among

the alterna ti ve s of dig ital radio equipment for Stage III of

the Dig i tal European Backbone Program .

Log istics Support Cost Model. Various cost models were

iden tified during this research effort by review of the li t-

erature and discussion with Air Force Systems Command and Air

Force Log is tics Command personnel. The accounting type model

( was the mos t frequently referenced cost est imating techn ique

30
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for compu ting the operating and support segment of life cycle

.4 costs. Of the many accounting models available , the Air

Force Log istics Support Cost Model is one of the most famil-

iar and widely used (Dover , 1975:19). Al though it has become

relatively standard , it must be tailored for each new appli-

cation and multiple versions of the model exist. As men-

tioned ear l ier , accoun ting models are basically a structured

method of adding up life cycle componen t 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. Ini tial and replacemen t spares costs.
2. On-equipment maintenance costs.

3. Off-equipment maintenance costs.

4. Inventory and supply managemen t costs.
5. Support equipment costs.
6. Training costs (personnel and equ ipmen t).
7. Managemen t and technical data costs.

8. Facilities costs.
9. Fuel consumption costs.

10. Spare engine costs.

The log istics 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

rece ived wide usage in source selection evaluations and de-

sign tradeoff decisions. Tailored versions of the model to

f i t  the specific system have been used as one of the source

31
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selectio n criteria on such systems as the ARC/164 UHF radio ,

B-~ electronic countermeasures package , F-16 aircraft , A- b

a ircraft 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 mode l is not only used in source selection , but the

early estimates obtained from contractors have been used as

contractual comm itments involving positive and negative in-

centive clauses (Stanesburg , 1976:20).

Model Selection. The researcher selected the logi st ics

support cost model as a guide to develop the equations for

the radio equipmen t 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 adap table. It is also a widely used and

accep ted accounting model for estimating life cycle operating

and suppor t costs and has been adapted for a variety of ap-

plica tions 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 iden tified and several types of cost models were

lis ted. The chapter concluded with a discussion of the lo-

gistics suppor t cost model.

The nex t chapter will identify important support factors

and discuss their relationship to estimating support costs.

32
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III. Model Formula tion

Prior to describing in detail the cost equations for each

elemen t of the model a brief overview of a few important con-

cepts and defini tions 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 life 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 cond i-
tion within a given period of time when the mainte-
nance is performed according to prescribed procedures
and iesources.

(
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Reliability and maintainability are expressed in tern i s of

me asurable parameters of mean-time-he tween-f m ilures (MTBF)

and mean -time- to-repair (MTTR), respectively. I )e finitions

for these technical equipment parameters are (United St m tes

Department of Defense , MIL-STD-72bB , 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-

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

34



CSM/SM/76S- 22

result i n  a demand on the supply system to furnish the needed
k

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

Number of Failures = 
P01-I 

= 
100 ,000 100 Failures

Total Labor Cost = (Number of Failures) (MTTR) (DLC)

= (100) (10) (5) = $5 ,000

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

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

V 
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Ma i n tenance Concep ts

Mai n tenance act ion s are subdivided i n to ei ther scheduled

or unsch eduled 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 ,

a l i g n m e n t s , or servicing. These routines are accomplished on

a periodic pre-planned interval or schedule according to

established maintenance policy . As noted in the previous sec-

tion , failures and therefore unscheduled maintenance require-

ments , are a function of equipment reliability. The probable

failure intervals (MTBF) or reliability also plays a role when

establishing scheduled maintenance intervals (Air Force Logis-

tics Command Pamphlet 800-3 , 1973:68).

In the Air Force the functional maintenance organization

createl to accomplish all scheduled and unscheduled mainte-

nance consists of three levels of responsibility; organiza-

tional , intermediate , and depot. Each level of maintenance

has an inherent cost that must be considered when establish-

ing maintenance policy. It can be noted in the definitions

to follow , how each level varies relative to responsibilities ,

required technical skill levels , and role in the maintenance

support requ irements (Ii. S. Air Force Regulation 66-14 , 1975:

10 ,13).
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0r~ anizationa l Level Maintenance. That category of
maintenance actions which is normally the responsi-
bility of and performed by a using organization on
its assigned equ ipment. It normally includes:

(a) Scheduled maintenance inspec tions; fault iso-
lation , component removal , replacement , cali-
bration and repairs for Communications-Elec-
tron ics -Me teorological  (CEM) systems and
equipmen t.

(b) Corrosion prevention and control.
(c) Modifica tion of material as directed .

Intermediate Level Maintenance. That category of
maintenance actions which is normally the responsi-
bility of and performed by designated maintenance
activities for direct support of the using organi-
zation . Normally it is accomplished in fixed or
mobile shops or by mobile team s and includes:

(a) Inspections of materiel other than aircraft ,
missiles or CEM end items.

(b) Repair of unserviceable parts , assemblies ,
sub ~.ssemblies , and components.

(c) Modif ication of materiel as directed .
(d) Repair and testing of gas turbine engines and

reciprocating engines.
(e) Local manufacture of critical nonavailable

parts , as authorized .
(f) Test and calibration .
(g) Demilitarization and reclamation of materiel.
(h) Corrosion prevention and control.
(i) Scheduled inspection and on-equipment repair

of aircraft , missiles , engines , CEM (Communica-
tions-Electronics-Meteorolog ical), and AGE
(Aer ospace Ground E qui pmen t ) when grea ter e f f i -
c iency can be attained than at the organiza-
tional level.

Depot Level Maintenance. That category of main-
tenance actions normally includes: inspection ,
t est , repair , modification , alteration , moderniza-
tion , conversion , overhaul , reclamation , or rebuild
of parts , assemblies , sub-assemblies , components ,
equipment end items , and weapons systems; the manu-
facture of critical non-available parts; and provid-
ing technical assistance to maintenance activities.
Depot level maintenance is the responsibility of
and performed by designated maintenance activities ,
to augment stocks of serviceable materiel , and to
support organizational and intermediate maintenance
activities by more extensive shop facilities and
equipment and personnel of higher technical skill
than are normally available at the lower levels of
maintenance. Depot level maintenance is normally
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accomplished in fixed shops or by dispatched teams.
-

The objective of maintenance is to provide operation~m2

equi pment to satisfy mission requirements. Creating mainte-

nance policies to adequately achieve this objective is the

role of maintenance management . How management interprets

the operational objective has a significant impact on support

costs. It is important to realize that although maintenance

concepts are influenced by equipment characteristics the final

policies will be dictated by the management decisions of the

using organization . Management can choose from a variety of

d i f f e r e n t maintenance concepts when establishing maintenance

pol icy. They must consider the amount of support necessary

to accomplish scheduled and unscheduled maintenance , ass ign

spec ific maintenance responsibilities to the different levels

of main tenance , determine required skill levels and optimum

numbers of personnel required at each level , and es tabl ish

supply support requirements necessary to accomplish the main-

tenance objective.

Supply Support

This area influencing cost was briefly discussed in the

previous sections . Supply support as a factor of cost is also

a func tion of equipment characteristics and management deci-

sions. Demands on the supply system ; initial spares and re-

plen ishment spares are directly related to the failure rate

of the equi pment. Other cost considerations such as; the

number of supply points , their locations and safety stock

levels required to meet projected operational requirements
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are management related decisions.

In summary , a logistics support cost model must represent

the three areas of equ ipment characteristics , maintenance ,

and supply, their interrelationships and associated cost sub-

categories. Considerations must not only be given to equip-

ment characteris tics , but also to management related policies

that influence the total cost.

Stage III Concepts to be Modeled

Stage III of the Digital European Backbone program con-

sists of seventeen sites. Nine are located in England , seven

in Belg ium and one is in Germany . Of the seventeen sites ,

eight are to be atten~ed terminal configurations . A termina l

is a major transmit and receive site at which operational per-

sonnel monitor and perform required routing functions . Mes-

sage information may be retransmitted to the next site , in-

serted for transmission , or picked off and channeled to speci-

fied users. Terminal sites require from one to three radio

sets and digital applique units to perform this function . The

other nine sites are regenerative repeaters designed for unat-

tended operation . A repeater station Consists of two micro-

wave radio sets connected through two back-to-back digital ap-

plique units and its function is to retransmit message infor-

mation to the next link in its line-of-site transmission path.

The differences in site operational functions and geographi-

cal locations have a major influence on the maintenance and

supply concepts used to support Stage III equipment . The fol-

lowing discussion will relate the Stage III support factors
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that must be considered when formulating the support cost esti-

ma ting model .

Modular Equipment Design. The FM m i crowave radio sets

and the digital applique unit are primarily a modular design .

A module is a functional assembly that is removed and replaced ,

as a unit , in order to restore the equipment to an operational

cond ition. For ease of maintenance , mos t module s are also

designed as replaceable plug-in assemblies. Modular construc-

tion enhances maintainabili ty by making it easier to isc~~~te

a failure to a module and the mean-time-to-repair at the equip-

ment level is reduced to a minimum with the replaceable plug-

in feature . These are the principal corrective maintenance

functions of organizationa l maintenance . Maintenance person-

nel at that level do not have to perform detailed circuit ..,. ,~

analysis or maintenance of the modules. Failed modules re-

moved from the equipment are then shipped to a central inter-

mediate maintenance facility for repair.

Reliability of most modular assemblies is relatively

high. At the same time , equipment reliability is increased

through the design of almost total redundancy . Each radio

set actually consists of two redundant systems interfaced by

a switch. During normal operations , one unit is operational

while the other remains on standby. When a failure occurs on

the operational unit , the standby unit is switched to the

operational mode. It will be shown later how the modular de-

sign and high reliability of the equipment affect maintenance

and supply support concepts. This is reflected in the main-

tenance policy which uses mobile maintenance teams to service

- 
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des ig nated unm anned si tes.

Maintenance Support. The maintenance concept for the

European communications system encompasses the three basic

levels of maintenance. However , due to geographical distri-

bution of facilities and equipment reliability , the mainte-

nance responsibili ties are assigned in the following manner :

(1) Organizational Maintenance. The Stage III communi-

cations sites have been designated as manned or unmanned as

far as organiza tional maintenance support is con:erned .

Manned sites have organiza tional level maintenance personnel

located at the installation. They are set up to be self sup-

porting in regard to organizational maintenance resources and

each manned site is allocated necessary test equipment , spare

modules and spare parts required for maintenance of the equip-

ment installed at the site.

As the name implies , organizational maintenance person-

nel do not reside at unmanned sites. The high reliability

and redundant features of the equipment do not require that

corrective maintenance be initiated immediately upon indica-

tion of a failure. Organizational maintenance of unmanned

sites is accomplished by traveling maintenance teams based

at mobile maintenance support facilities. When a failure

occurs at an unmanned site , a remote fault alarm system will

indica te the site and a mobile maintenance team will be dis-

patched to make the necessary repair (T.O.31Z4-84-l , 1975:

5- 1 to 5-4). The mobile support facilities include vans

r equipped wi th test equ ipment , spare modules and parts required
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to m a intain the equipment within their zone of responsibility.

At the present time , the repeater stations are the only unman-

ned sites.

(2) Intermediate Maintenance. It is not cost effective

to have the intermediate maintenance capability at each man-

ned site. Intermediate level of repair is accomplished by a

centralized intermediate maintenance facility (CIMF) located

at Ramstein AFB , Germany . All modules , repairable assemblies

and items beyond the capability of organizational maintenance

are repaired at the intermediate maintenance facility. The

deci sion as to whether a module should be condemned is also

made at this level.

With the creation of a central intermediate n~aintenance

facili ty, the role of intermediate level maintenance was ex-

panded to pick up certain features and responsibiliti es of

depot maintenance. Increasing the capability at the inter-

mediate level eliminated the need for a separate organic main-

tenance function at depot level. As far as total maintenance

capabi li ties are concerned , the centralized intermediate main-

tenance facility functions as a mini-depot combining the role

of intermediate and depot maintenance at one location in

Europe .

(3) Depot Responsibilities. The Sacramento Air Logistics

Center , located at McClellan AFB , California is the logistics

depot responsible for the communications equipment operated at

the Scope Comm sites in Europe. As just mentioned , the main-

tenance policy does not require the depot level maintenance

function. The depot may periodically contract for maintenance
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of i tems no t repa i rab le at the European in termedia te main te-

nance lcvcl . Because the centralized intermedia te maintenance

capability can repair the majority of failed modules , the

need to con trac t for repair is very infrequen t . The cost ef-

fec tive approach is to accumula te a stock of failed modules

un til it is determined economically feasible to return them

to the depot for contract main tenance. Due to the random na-

ture of this suppor t , it will not be incorporated in the de-

veloped cost model.

Supply Suppor t. Stock levels of spare modules are main-

tained at two levels. The maintenance concept requires that

a specified amount of available stock be maintained at most

communication sites in addition to the stock level at the host

base supplies. The manned sites and mobile maintenance facil-

ities function as forward supply points to support immediate

organizational maintenance needs . Unmanned sites are not

stocked , ins tead , the main tenance vans are equipped with a

level of spares to support the unmanned site repair require-

ments.

Replenishment of serviceable modules is provided by host

base supply un its. Failed assemblies are exchanged by the

organiza tional units for operable spares from base supply.

The seventeen Stage III sites receive supply support from two

host bases. One is located in England and provides supplies

to the nine sites located in England . The o’..her is in Germany

and supplies the needs of the eight sites in Belgium and Ger-

many . The host bases are also responsible for transportation
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and handling of failed modules to the intermediate mai ”t~ nance

facility for repair.

The Cost Model

Cost  Elements and Equations. Having briefly related the

interaction between the three fundamental support cost factors

the next step, model formulati on , w ill identify the relevant

cost elements and equations of the cost model. Keeping in

mind the discussion in Chapter II about identif ying cost cate-

gories , the writer was aided by referring to Table I , page 24

and the generalized Logistics Support Cost Model (Air Force

Logis tics Command , User ’s Handbook , 1975). Figure 5 depicts

the investment and operations costs incorporated in the cost

model . The three categories of cost that include facilities ,

test equ ipmen t repair , and recurring training were not con-

sidered in the model. Facilities are sunk costs , they already

exis t and do not require . modification to accept the new equip-

men t . Test equi pmen t repair and recurring train irg are con-

sidered a part of the overhead cost for general suppor t that

is common for several systems a~d not readily estimated .

Only the initial investment costs of test equipmen t and train-

ing are represen ted by the mod el.

The comple te model is ‘the summation of thirteen separate

cost element equations and requires 54 data elements. The

data elements vary from standard factors obtained from govern-

ment sources , equipment oriented variables , to communication

system maintenance and supply support variables. A comp 3~ete

summarized listing of the equations and alphabetical listing
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of the data elements with definitions is presented in Appen-

dix A. The discussion that follows defines each cost element ,

presents the mathematical equations representing each ele-

ment , and defines the variable name of each data element used

in the model .

Cost Element 1: Acquisition and/or Modification Cost.

The initial element of cost computes the dollars associated

with the procurement of the number of required pieces of new

equ ipment. It also computes the total system cost of modifi-

cations to existing radio equipment .

Equation:

CE1 = (NO) (AQMOD)

Variables Defined :

CEI = Acquisition and/or Modification Costs.

NO = Total number of units to be installed or
the number of modifications required.

AQMOD = The unit acquisition cost for quantity
procured and/or the modification cost per
piece of equipment modified.

Cost Element 2: Initial Spare, Recoverable Items. The

second element of cost determines the acquisition costs assoc-

iated with initial spares to sufficiently stock the individual

communication sites and multiple host base supply points.

Recoverable spares are those components that are repairable

and then returned to the inventory of serviceable stock.

Initial stock levels are created to have readily available

spares to replace those that may be in the supply system pipe-

line . Pipeline is defined as the period of time a recoverable

item spends in a state of repair , transportation or handling
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and is not on hand at the using site. The equation considers

two distinct pipelines . The first is the time from initiation

of a si te order to the receipt of the component from the host

base supply. The second includes the time a failed item is

shipped to the intermediate maintenance repair facility ,

repaired , and returned to the base supply stock of service-

able par ts.

Equation :

N N
CE2 NSV~ (SSTKj)(UP~) + NBS z (BSTK i)(UP~)i=l :i=l

Variables Defined :

CE2 = Cost of Initial Spares

N = The number of different components to be stocked.

( i = The subscript identifying each component .

NSV = The number of sites (also includes Vans) main-
taining stock level of spares.

SSTK1 = The site stock level of the ith component .

NBS = The number of host base supply points.

BSTK~ = The base stock level of the ith component.

UPj = The un it price of the ith component .

N
The first term [NSV~ (SSTK~)(UP jfl is the cost of initial

i~ l
spares required at the communications sites to account for the

base supply pipeline. The stock level for the ith component

(SSTK1), is based on the probability of satisfying a demand

that is at least equal to an established maintenance policy

confidence level for a desired availability of parts. The

value of SSTK 1 is a function of the mean demand which is de-
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termined from the expected failure rate multiplied by the base

supply pipeline time. The calculation of SSTK i is derived as

follows :

SDMEAN~ = r(~~
’H) (QPA~3~ [BsPT1

L (MTBF i)JLNSVJ

Variable s Defined :

SDMEAN~ = Mean demand for the ith componen t at communi-
cations site level.

AMH = Average monthly operating hours per piece of
equipment multiplied by the number of units to
give system total operating hours per month.

QPAi = Quantity per application of the ith component.
- The maximum number of like components installed

in a single uni t or radio set .

MTBF i = Expected mean-time-between-failures of the ith
componen t during the projec ted usage period
(Expressed in operating hours).

NSV = The number of sites (also includes Vans) main-
taining stock level of spares.

BSPT = Base supply pipeline time . This is the average
base supply cycle time in response to a site
initiated parts request.

The term [‘JT~~~~
’
~~J 

is used in several of the cost element

equations. This term is dependent on the reliability parameter

(MTBFi) of each component . The calculation of this expres-

sion provides the number of failures of the ith component ex-

pected per month from all operational equipment within the

system .

Using the value derived for SDMEANi, the minimum value

of SSTKj. must be found using the next expression .

:1
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SSTK~
(e~~ DMEANi)(SDMEAN j) 

~. CONF

Variables Defined :

SSTKi = The site stock level of the ith component .

SDMEAN 1 = Mean demand for the ith component at communi-
cations site level.

CONF = The confidence level factor established by
main tenance policy for a desired stock avail-
abili ty.

The above expression is computed for each value of n until

the minimum value that still satisfies the equation is reached .

That minimum value of SSTK~ is then used in the cost equation

for CE2.

The same calculations are used to determine the initial

base supply stock , except the pipeline time is now the repair

cycle time to intermediate maintenance and back. The expres-

sions to compute base stock level then become :

BDMEAN~ = ~~~~~ ~
B ST K
~~ (e BDMEAN i) (BDMEAN~)

’
~> CONF

n=o n! -

Variables Defined :

BDMEAN1 = Mean demand for the ith component at base supply
level.

AMH = Average monthly operating hours per piece of
equipment multi plied by the number of Units to
give system total operating hours per month.

QPA~ = Quantity per application of the ith component .
( The maximum number of like components installed

in a single uni t or radio set.

- 49
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NBS = The number of host base supply points.

MTBF~ = Expected mean-time-between -failures of the ith
component during the projected usage period
(Expressed in operating hours).

CIPT = Central intermediate maintenance repair pipe-
line time .

BSTK 1 = Base stock level of the ith component .

CONF = The confidence level factor for a desired
stock availability.

Cost Element 3: Non-Recoverable Item Costs. Non-recov-

erabl e i tem s are those components replaced and discarded dur-

ing a corrective maintenance action . The third element con-

siders the costs associated with the replenishment of non-

recoverable (condemned) components, piece part and material

consumption expected during the life cycle of the equipment.

Condemnation of a repairable item occurs when it is deter -

mined that repair is either technically or economically in-

feasible. The cost of replenishment parts is assumed to be

the same as the initial spares cost.

Equation:

CE3 = 12 PIUP 

~E ~~1~
P~ )] [UP~]

i=l
[(COND~)(NRTS~) + (PCF) (NRTS~ - COND~ ) ]

Variables Defined :

CE3 = Cost of non-recoverable items .

PIUP = The pro jected inven tory usage period (expressed
in years).

AI~1H = Average monthl y operating hours per piece of
equipment multip lied by the number of units to
give system total operating hours per month.

QPA1 - Quantity per application of the ith component.
The m~iximum number of like components installedin a single unit or radio set.
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MTBF~ Expected mean-time -between -failures of the ith
component during the projected usage period (F.’x-
pressed in operatin g hours) .

UP 1 = The un it pr ice of the ith module or componen t .

COND i = Condemnation of the ith component , expressed as
a decimal fraction of the failures and removals
of the ith component .

PCF = Parts consumption cost factor , expressed as a
fraction of the recoverable parts costs (PCF =

.05; Source: Defense Communications Agency Cir-
cular 600-60-1 , 1972:22-4).

NRTS1 = Fraction of failure of ith module/item which is
transferred to intermediate maintenance facility
for repair (Not repairable this station).

The term computes the number of failures of the

ith component expected per month from all operational equip-

men t wi thin the system . Multiplying the number of failures by

COND
~ 

provides the number of components that are condemned a~~ ~~
must be replenished . The second term [(PCF) (NRTS1)] is an

estimate of piece parts and materials consumed during repair

of recoverable components. PCFs is a cost estimating relation-

ship derived from historical costs.

Cost Elemen t 4: Unscheduled Maintenance/Organization

Level. The fourth cost element considers the cost associated

with direct labor expended at the organization maintenance

level to correct failures attributed to the ith item or module.

Equation : 
N

CE 4 - 12 P1 UP 

~~ 
[~~~~T~~~~~1

• [(OTTR~ ) (OLR) + (OMM f-!~) (OLR)(RTSj)]

Variables Defined :

CE4 - Unscheduled maintenance/organizational level.
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= The projected inventory usage period (Expressed
in years).

AMH = Average mon thly operating hours per piece of
equipment multi plied by the number of units to
give system total opera ting hours per month.

QPA~ = Quantity per application of the ith component.
The maximum number of like components installed
in a single unit or radio set .

MTBF1 
= Expected mean-time-between-failures of the ith

component during the projected usage period
(Expressed in operating hours).

OTTR1 = Organizational time to repair is the average
manhours per failure of the ith module/component
to test , remove , replace and realign to place
the equipment into operable condition .

OLR = Organizational labor rate of maintenance tech-
nician (OLR = $13.10 , Source: Logistic Support
Cost User ’s Guide , 1975:2-4).

OMMH = The average number of organizational shop main-
tenance manhours expended for site repair of the
ith module /item .

RTS. = Fraction of removals of the ith module/item
which are repaired at the organizational level
and returned to service (Repair this station) .

The first term in the equation computes the cost of organi-

zational labor expected for the repair of the major piece of

equi pment. This term is the direct labor cost to isolate the

failed module , remove and replace with a serviceable module

and perform any needed ali gnments to reinstate the prime

equi pment to an operational state. The second term in the

expression computes organizational labor cost for repair of

those modules or items identified as repairable at that level.

Cost Elemen t 5: Unscheduled Maintenance /Intermediate

Level. The fifth cost element calculates the dollars assoc-

iated with repair of modules/items at the intermediate level
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• of maintenance. Two factors are considered . The first is

the direct intermediate level labor cost to repair the ith

module /item . The second cost is transportation and handling

expenses of each ith item/module between host supply bases

and the intermediate maintenance facility.

Equation:

N
CE5 = 12 PIUP ~~ j(AMH) (QPA~ 5~

(MTBFi) J
[(CMM H~) (CLR) (NRTSi) + (NRTSj) (RTT~)]

Variables Defined :

CES = Unscheduled maintenance /Intermediate level.

PIUP = The projected inventory usage period (Expressed
in years).

COND~ = Condemnation of the ith component , expressed as
a decimal fraction of the failures and removals
of the ith component.

ANH = Average monthly operating hours per piece of
equipment multiplied by the number of units to
give system total operating hours per month.

QPA 1 = Quantity per application of the ith component .
The max imum number of like components installed
in a single unit or radio set.

CMMH~ - The expected mean number of intermediate main-
tenance manhours expended per repair of the ith
module/item .

CLR = The direct labor rate of the central intermediate
maintenance facility repair technician .

NRTS~ Fraction of failures of ith module/item which are
transferred to intermediate maintenance for repair
(Not repairable this station).

RTTj The average round trip transportation cost to
ship the ith module to CIMF for repair and re-
turn to host base supply.
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Cost Element 6: Scheduled Maintenance /Direct Labor Cost.

The sixth element of cost to be considered is the dollars as-

sociated with the organizational maintenance man-hours expended

to accomplish the scheduled maintenance requirements. This

cost element assumes that all scheduled maintenance routines

and time intervals are the same for equipmen t located at manned

and unmanned sites . It computes the direct labor cost to per-

form the jth scheduled maintenance routine for all installed

or to be installed operation equipment .

Equation:

CE6 = 12 (SMH~)(NO)(OLR)

Variables Defined :

CE6 = Scheduled maintenance/direct labor cost. -A

PIUP = The projected inventory usage period (Expressed
in years).

j - The subscript denoting a specific scheduled main-
tenance routine .

L The number of different schedules maintenance
routines .

SMI~ = The established interval between the jth scheduled
maintenance routine (Expressed in months or frac-
tion of a month).

SMH J - The average man-hours required to perform the jth
scheduled maintenance routine .

NO - Total number of units in system to receive sched-
uled maintenance.

OLR = Organizational labor rate of maintenance technician
(OLR - $13.10; Source: Logistics Support Cost
User ’s Guide , 1975:2-4).

The basic term 
[
~ I~F~~~jJ provides the total number of times the ‘p
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jth routine will be accomplished in the projected usage period .

The rem aining calculation is straightforward and is simply:

rN b f ‘) r 1 r 1 r 1 Total Directer 
~~ ~JAverage Timel I Number 1

Cost
1 - Labor Cost to

[
irnes ou ine

j LTo Perform J Lof Uniti L~~ri 
-

Cost Element 7: Scheduled Maintenance/Indirect Cost

(Unmanned Sites). A fraction of the equipment requiring sched-

uled main tenance are located in unmanned sites. Mobile main-

tenance team s servicing these unmanned sites operate from a

mobile maintenance facility. The travel time and vehicle ex-

pense are indirec t costs associated with the i equirement to

perform scheduled maintenance at these remote locations . The

seventh element computes the indirect costs of organizational

labor travel time and vehicle costs incurred to complete a

round trip between the home facility and unmanned sites.

Equation :

CE7 = 12 ] [ ( M T T ) ( 2 ) ( O L R )  + (NM L)(CPM)][UMF]

Variables Defined :

CE7 = Scheduled maintenance/indirect cost (Unmanned
sites)

PIUP = The projected inventory usage period (Expressed
in years).

j = The subscript denoting a specific scheduled main-
- tenance routine .

L - The number of different scheduled maintenance
• routines.

SMI 3 - The established interval between the jth scheduled
main tenance routine (Expressed in months or frac-
tion of a month).
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MIT = Mean travel time to complete round tri p.

NML = Average number of miles traveled to complete I
round trip.

CFM = Vehicle Cost Factor per mile traveled ($0.16 per
mile , Source: Defense Communications Agency Cir-
cular , 1972:24-39).

UMF = Decimal Fraction of unmanned sites tc total num-
ber of sites.

OLR = Organizational labor rate of maintenance techni-
cian (OLR = $13.10 , Source: Log istics Support
User ’s Guide , 1975:2-4).

The term [2 ~~“~][1JMF1 provides the number of times the jth

scheduled maintenance routine is expected to be performed at

unmanned locations over the projected time period. This

equates to the number of trips mobile maintenance teams must

make . The next two terms multiplied by the above expression

computes indirect labor and vehicle costs respectively.

Cost Element 8: Unscheduled Maintenance/Indirect Costs

(Unmanned Sites). The eighth cost element is very similar to

CE7. However in this case it considers the indirect costs of

travel time and vehicle expenses for the trips required to

respond to unscheduled maintenance requirements at the unman-

ned locations.

Equation:

CE8 - 12 PIUP 
~~~ ~~~~

Ali[(MTT)(2)(OLR) + (NML)(CFM)][UMF J

Variables Defined :

CE8 = Unscheduled Maintenance/Indirect Costs (Unmanned
Sites).

PIUP - Projected inventory usage period (Expressed in
years).
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AMH = Average monthly operating hours per piece of
equipment multi plied by the number of units to
give system total operating hours per month .

QPA i = Quantity per application of the ith component .
The maximum number of like components installed
in a single uni t or radio set.

MTBF1 = Expected mean-time-between -failures of the ith
componen t during the projected usage period (Ex-
pressed in operating hours).

MTT = Mean travel time to comple te round trip.

NML = Average number of miles traveled to complete
round trip.

CFM = Vehicle Cost Factor per mile traveled ($0.16 per
mile , Source : Defense Communications Agency Cir-

• cular , 1972:24-39).

[JMF = Decimal Fraction of unmanned sites to total num-
ber of sites.

OLR = Organizational Labor rate of maintenance techni-
cian (OLR = $13.10 , Source : Logistics Support
User ’s Guide , 1975:2-4).

A basic assumption required in the use of this expression is

that the unmanned sites will have a proportional share of the

failures.

Cost Element 9: Maintenance Reporting . The ninth ele-

ment of cost estimates the cost associated with the direct la-

bor expended by maintenance personnel to complete a variety of

maintenance and supply support forms and paperwork . The Air

Force Main tenance Data Collection System (AFM 66-].) requires

that all scheduled and unscheduled maintenance performed be

documented . In addition , maintenance personnel may complete

supply requisition and transportation forms following most

maintenance actions.
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Equation : N L
CE9 = 12 (PIUP)(OLR) [ART] + ~~~~~.i)(ART)

1

Variables Defined :

CE9 = Main tenance Reporting .

PIUP = Projected inventory usage period (Expressed in
years).

OLR = Organizational labor rate of maintenance tech-
nician (OLR = $13.10; Source: Log istics Support
Cost User ’s Guide , 1975:2-4).

AMH = Average monthly operating hours per piece of
equipment multiplied by the number of units to
give system total operating hours per month .

QPAi = Quantity per application of the ith component.
The maximum number of like components installed
in a sing le unit or radio set.

MTBF~ = Expected mean-time-between-failures of the ith
component during the projected usage period (Ex-
pressed in operating hours).

ART = Average reporting time (ART = .65 hour ; Source:
Logistics Support Cost User ’s Guide , 1975:2-2) .

SMI3 = The established interval between the jth sched-
uled maintenance routine (Expressed in months or
fraction of a month).

The expression r H)(QPA 1flEART I provides the estimate ofL (MTBF i) J
time to document unscheduled (failure reporting) maintenance.

The second term , [.~~~.~
ART)] provides the time estimate to

complete scheduled maintenance forms. Scheduled maintenance

reporting does not require as much time to document , that is

the reason for the .l(ART) factor .

Cost Elemen t 10: Technical Data Costs, This next ele-

ment of cost estimates the dollars associated with initial ac-

quisition of technical publication or major revisions of 1
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existing publications. This includes the cost of technical

orders , manuals , and repair instructions required at organi-

zat onal and intermediate maintenance levels.

Equation:

CE1O = TD(TO + TI)

Variables Defined :

CE1O = Cost of Technical Data.

ID = Average cost per orig inal page of technical docu-
mentation (S = $220.00/page , Source: Logistics
Support Cost Model User~s Guide , 1975:2-2) .

TO = Estimated number of pages of organizational tech-
nical documentation required to maintain the
equipment .

TI = Estimated number of pages of intermediate techni-
cal documentation required to maintain the equip-
ment .

Cost Element 11: Inventory Management Costs. The next

element of cost to be considered is the new item inventory

management costs expected over the life cycle of the equip-

ment . This equation computes initial and recurring supply

management costs of the number of new items entering the gov-

ernment active inventory .

Equation:

CEll = NNM [IMC + (PIUP) (RI4C)]

Variables Defined :

CEll = Inventory Management Costs.

NNM - Number of new modules/items .

IMC = Initial management cost to introduce a new item of
supply into the Air Force inventory ($46.60/item ,

( Source: Logistic Support Cost User ’s Guide , 1975:
2-1).
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RMC = Recurring management cost to maintain an item in
the active Air Force inventory ($104.20/item/year ,
Source: Log istic Support User ’s Guide , 1975:2-1).

Cost Element 12: Test Equipment and Support Equipment

Costs. The twelfth element considers the cost to acquire test

and support equipment required to perform organizational and

intermediate maintenance.

Equation :

CE12 = NSV(COTE) + CISE

Variables Defined :

CE12 = Cost of test equipment , support or specialized
equipment .

NSV = The number of sites and mobile vans requiring test
equipment .

COTE = Test equipment cost estimate per site for organi-
zational maintenance requirements. -‘4-

CISE = Cost of test and support equipment for intermediate
maintenance requirements.

Cost Element 13: Training Costs. The thirteenth and fi-

nal element of cost considers the costs associated with initial

training requirements. Contractor costs to train a cadre of

personnel to make up a traveling training team ; plus the costs

to accomplish training of maintenance personnel in the field

are the predominate training costs.

Equation:

CE13 = THR[CCTH + (NPT)(TCH)] + OTHR[6(CMIH) + (ONPT) (OLR)]

Variables Defined:

CE 13 — Initial training costs.

THR Number of contractor training hours required .
‘S

CCTH — Contractor cost per training hour.
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NPT - Number of personnel receiving contractor training .

TCH = Trainee cost per hour.

OTHR - Organizationa l level training hours required .

CMII-! = Mobile instructor cost per hour .

ONPT = Number of organizational level personnel receiving
training .

OLR = Organizational labor rate of maintenance techni-
cian (OLR = $13.10; Source: Log istics Support Cost
User ’s Guide , 1975:2-4).

The first term of the expression computes the cost of the Type

I , contractor training of the mobile instructors. The second

term of the expression computes the cost of the mobile train-

ing team in the field training organization maintenance per-

sonnel.

Computer Model. The thirteen cost elements and their

associated equations represent the relevant costs for the

fixed communications equipment of this research study . The

analytical accounting model provides the framework of mathe-

matical relationships developed to compute and evaluate the

life cycle support costs. Although the equations are straight

forward mathematical expressions they do require a moderate

amount of data , a great deal of repetitous and time consuming

calculations to exercise the model. Therefore the model was

programmed and run on the Aeronautical Systems Division com-

puter. The computer language utilized was FORTRAN IV and the

program was run in the batch mode using punched cards.

Model Outputs. The computer model was programmed to pro-

vide several outputs. Incremental costs were broken out to
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reflect their contribution to the total cost. The available

outputs are as follows :

a. Cost element subtotals provides an individual cost figure
associated with each cost element (CE]. thru CE13).

b. The total cost estimate is the summation of all thirteen
cost elements.

c. Intermediate maintenance direct labor costs associated with
repair of recoverable components is an output .

d . Transportation and handling costs of all recoverable com-
ponents turned into intermediate maintenance is another avail-
able output.

e. Scheduled maintenance costs of unmanned sites were broken
out as direc t labor , travel and vehicle costs.

f. Unscheduled maintenance costs of unmanned sites were bro-
ken out as direct labor , travel and vehicle costs.

g. Total cost of scheduled maintenance at manned and unmanned
sites to include direct and indirect costs was computed .

h. Total cost of unscheduled maintenance was computed .

i. Total cost of all maintenance at the organizational and
intermediate levels is also an available output .

Summary

Chapter III discussed the development of an accounting

cost model for the Stage III communications equipment . Three

factors were identified as predominate parameters in most sup-

port cost models. Equipment characteristics , maintenance ,and

supply support relationships must be integrated into the de-

velopment of logistics support cost models. The discussion

then pointed out how these three basic factors are reflected

in the Stage III communications system operation . The writer

then defined and described the thirteen cost element equations

comprising the model. Finally, the use of a computerized ver-

sion of the model was discussed .
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IV . Model Resultst .
The purpose of this chapter is to use the previously de-

veloped cost model to obtain life cycle support cost esti-

mates for the combined operation of the digital applique unit

and the existing FM microwave radio set equipment. Initial

discussion will deal with the data required to exercise the

model. Cost model results will be obtained and sensitivity

analysis performed using the model to illustrate -cost changes

due to a change in selected model parameters. The cost model

will also be exercised to demonstrate its utility in a poten-

tial cost tradeoff example with an alternative digital radio

set.

( 
Model Data Requirements

Equipment First Line Unit Data. Several equations of

the model are dependent on parameter values associated with

the equipment ’s identifiable first line Units. First line

uni ts are defined as (Air Force Logistics Command , LSC Model

User ’s Handbook , 1975:1-1):

A first line unit 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 removable and
replaced , as a unit , on a system or subsystem in
order to return the equipment to an operational
condition .

The first line units of the dig ital applique Unit (DAU)

consist of twenty modules that are listed in Table III.

Typical data requirements at this equipment component level
( include such parameters as mean time between failures , mean
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Table III
Digital Applique Unit Plug-In Modules

Transmit Unit Failures/iD6 Hours

1 Power Supply 50.0000
2 Power Status 1.4575

3 Transmit TIming 13.3803

4 Transmit Control 12.2716

5 Transmit Register 11.0430

6 Transmit Interface 4.5815
7 Data Input 3.3355

8 Transmit Clock 3.9395

9 Baseband Modulator 5.8965

10 Transmit Switch 7.1085

Receive Unit

11 Power Supply 50.0000

12 Power Status 1.4575

13 Baseband Demodulator 23.6873

14 Receive Clock/Output 22.0803

15 Receive TIming 17.8343

16 Receive Control 13.3662

17 Receive Register 6.3357

18 Receive Interface 5.1528

19 Receive Switch 9.0958

20 Performance Monitor 5.4743

(Source: Jessen, F. A. DAU Technical Report , 1975:199)
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time to repair , condemnation percentage and first line unit

(module) price. Because the DAU is a new development , op-

erational data on the individual modules is not available.

Therefore , most data inputs for the DAU are results of the

prototype development project. The principal data sources

for the DALI were the final technical report of the prototype

development project and the Rome Air Development Center pro-

ject engineers. The key reliability parameter mean time be-

tween failures (MTBF) listed in Table III are results of en-

gineering estimates and do not reflect DALI operational re-

suits.

On the other hand , the FM radio equipment has been in

the Air Force operational inventory for at least three years.

( 
Most of the required data at the first line unit level was

obtained from actual maintenance data collected on the opera-

tional system . Within the maintenance data collection sys-

tem , the first line units are given Work Unit Codes (WUC) to

identify a specific component within the assembly. It is at

the WUC level that maintenance data is collected and main-

tained . For the purposes of this study , thirty work unit

codes and their associated data were used to compute the es-

timate of the FM radio sets life cycle support costs. Table

IV identifies the work unit codes of the radio sets. Al-

though there are more than 30 codes listed in the table , some

codes were not used because they identify structural parts

that are not subject to failure or some codes did not have

( failure data at this time . The primary sources of FM radio
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Table I V

FM Radio Set Work Unit Codes/Modules

T.O. 31Z4—84—06

Microwave Radio Set LC—8D

Work
Unit
Code

AC000 MICROWAVE RADIO SET LC-8D (PHILCO.-FORD)
ACAOO TWT Power Supply 398—12013—1
AGAAO Printed Circuit Board Assembly A3 859519.-i
AGABO Printed Circuit Board Assembly A4 859520—1
ACACO Printed Circuit Board Assembly AS 859521—1
ACADO Printed Circuit Board Assembly A6 859522—1
ACAEO Printed Circuit Board Assembly A7 859523—1
AGAYO Printed Circuit Board Assembly A8 859524—1
AGAGO Printed Circuit Board Assembly A9 859525—i
AGAHO Filter Assembly AlO 859849—0
AGAJO Support Bracket and Relay Assembly

1—859849—3
ACAKO Bracket Assembly 3—859849—i
AGALO Terminal Board Assembly 3-859849—4
AGANO Back Panel Assembly 1—859819—8

AGBOO LOW VOLTAGE POWER SUPPLY 398-13615—1
AGBAO Power Supply 4—859815—8
AGBAA Front Panel Assembly 4—859815—7
AGBAB Trimpot Assembly Support 4—859815—9
AGBAC Printed Circuit Board ASsembly 859869—1
AGBAD Printed Circuit Board and Heatsink

Subassembly 4—859815—2
AGBAE Transformer and Heatsink Bracket

Assembly 859957—1
AGBAF Printed Circuit Board and Heatsink

Subassembly 4—859815—3
AGBAG Printed Circuit Board and Heatsink

Subassembly 4—859815—2

ACCOO IF AMPLIFIER MODULE 368—43488—1

AGDOO IF FILTER MODULE 3c8—12067—4

AGEOO LIMITER DISCRIMINATOR MODULE 398—11478—10

ACFOO TERMINAL FILTER MODULE 368-43020-11

ACGOO ADDER MODULE 368—42020—12
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Table IV (Continued)

Work
Unit
Code

AG000 MICROWAVE RADIO SET LC-8D (PHILCO—FORD—CONTINIJED)

AGHOO DEVIATOR MODULE 398-13665-1

AGJOO AFC MODULE 368-42098-3

M KOO ALARM AMPLIFIER A MODULE 398-13579—2

ACLOO ALARM AMPLIFIER B MODULE 398—13579—3

AGMOO TERMINAL FILTER MODULE 368—43028—12

AGNOO NOISE AMPLIFIER MODULE 368—43018—1

AGPOO DUAL PILOT TONE DETECTOR MODULE 368-43035-1

AGQOO BASEBAND COMBINER MODULE 398—12846—1

AGROO RI APNEL ASSEMBLY 398-13341-1
AGRAO Waveguide Shutter Assembly 398—13036—1
AGRBO Preamplifier Module 398—12215—1
AGRCO Traveling Wave Tube 394—1027-3 HS-~COND
AGRDO Up Converter Amplifier Module 398—13698—1

AGSOO DOOR ASSEMBLY 398—13274—1
AGSAO Door Subassembly 398—13302—1

ACTOO PRIMARY FILTER ASSEMBLY 398—13805—1

AGUPP RACK ASSEMBLY 398—13273—2

AGVOO CABLE ASSEMBLIES
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data were Headquarters European Communications Area and Sac-

ramento Air Logistics Center.

Inpu t Data Base. Data requirements for the cost model

consis ts of standard Air Force cost factors , contractor esti-

mates , engineering estimates , maintenance data system values

and estimates of experts in the field. Table V lists the

cos t model constants and standard input values for both the

DAU and FM radio . Tables VI and VII lis t the first line unit

(module/WUC) variable values for the DAU and FM radio set re-

spect ively.

Maintenance data for the FM radio equipment operations

were supplied at the organizational level but were unavail-

able at the intermediate level. When maintenance analysis

personnel attempted to retrieve central intermediate main-

tenance data from their information system , they discovered

it had either been entered incorrectly or had been inadver-

tently dumped. They stated it would probably take several

mon ths to correct the situation . Therefore , estimates were

obtained for the values of mean time to repair at the inter-

media te maintenance level and condemnation rates of modular

e l e c t r o n i c s  equipment. The estimates of these two values

were provided by the Ground Communications-Electronics-Meteor-

ological Technical Systems Division (Reliability and Engi-

neering Branch) of the Sacramento Air Logistics Center . This

center is responsible for logis t ics  support of the FM analog

radios operated in Europe and all similar equipment within

the Air Force operational in::ntory The value of condemna- ) 4
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Table V

Input Values for Cost Model Parameters
(All Costs are in 1976 Dollars)

Input Digital FM
Parameter * Description Applique Unit Radio Set

AHR Average Monthly Operating Hours 720 720

ART Average Maintenance Reporting Time .65 .65

AQMOD : Unit Acquisition and/or Modification Cost 45462 (a) 3000 (a)

BSPT : Base Supply Pipeline Time .50 .50

CCTH : Contractor Cost per Training Hour 245 0 (b)

CFM Vehicle Cost Factor per Mile .16 .16

CISE Central Maintenance Special Equipment 118170 (a) 0

CIPT : Central Maintenance Pipeline Time 1.0 1.0

CLR : Central Maintenance Labor Rate 18.05 18.05

CMIH : Mobile Instructor Cost per Hour 15 0 (b)

CONY Stock Level Confidence Factor .98 .98

COTE : Cost of Site Test Equipment 2665 (a) 0 (b)

CPP Transportation and Packaging Cost per lb. .53 .53

INC : Initial Inventory Management Cost 104.20 104.20

PITT : Mean Round Trip Travel Time 5.0 5.0

N : Number of Modules/Items 20 30

L Number of Scheduled Maintenance Routine 6 9

NBS : Number of Base Supply Points 2 2

NML : Average Number of Miles 115 115

NNM : Number of New Modules 20 30

• NPT : Number of Personnel Trained 5 0 (b)
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Table V (Continued)

Input Digital FM
Parameter * Description Applique Unit Radio Set

NO : Number of Units to be Installed
or Modified 34 34

NSV : Number of Sites and Vans Maintaining
Stock 14 14

OLR : Organizational Labor Rate 13.10 13.10

ONPT : Number of Organizational Level
Personnel Trained 60 0 (b)

OTHR : Number of Organizational Training
Hours Required 80 0 (b)

PCI : Parts Consumption Cost Factor .05 .05 (b)

PIUP Projected Inventory Usage Period 10 10

RIIC : Recurring Management Cost 40.90 40.90

TCH Trainee Cost per Hour 15 0 (b)

TD Technical Documentation 220 220

THR : Training Hours Required 120 0 (b)

TI : Number of Pages of Published
Technical Instructions 200 50

TO Number of Pages of Published
Technical Orders 750 50

UMF Frac t ion of Unmanned Sites .475 .475

* Reference Appendix A for sources of most parameter values .

(a) Cost provided to Program Office from prototype development
contractor.

(b) Values are zero because of sunk cost or parameter is not
applicable to FM radio equipment .
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tion rate and time to repair were estimated by means of ana-

logy of maintenance factor printouts of comparable systems.

The typical repair time for set-up , fault isolation , repair

and test of electronic modules and printed circuit boards

could range from four to eight hours . A reasonable best es-

timate of six hours was used for this study. The percentage

of condemned items for electronic modules was estimated as

normally around one or two percent . A value of five percent

is considered high for this typ e of equipment . The reader

will note that in Tables VI and VII the best estimate of 6

hours for mean time to repair (CMMH) and .01 condemnat ion

rate (COND) were used for both the DAU and the FM radio equip-

ment. Results were also obtained by performing sensitivity

analyses using the other values of these parame-tel estimates.

Digital Applique Unit and FM Radio Set Cost Estimates

The estimate of life cycle support costs for the digi-

tal applique unit and the FM analog radio sets were obtained

through separate iterations of the cost model. This was done

for the primary reason of determining the cost contribution

each piece of equipment has toward the total of their com-

bined support and operations cost.

The digital applique unit is a totally new piece of

equipment yet to be produced , with a totally modular design

concep t using extremely high reliability parts. On the other

hand , the FM radio equipment is presently installed and has

been operating for the past few year. . Although it also is

~ --dular design concept , it is several years behind the DAU
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both in modularity and current solid state parts usage. The

FM radio set consists of several major chassis assemblies

which are not of the remove and replace variety . Within these

major assemblies are the pull out , plug in modules and printed

circuit boards. Therefore , the maintainability of the two

types of equipment vary because the FM radio equipment is

less modular than the DAU .

Another key difference that is readily noticeable , is

the significant difference in mean operating time between

failures (MTBF). If the reader refers back to Tables VI and

VII, he will note that the DAU MTBF is far greater than that

of the FM radio. This should result in much lower mainte-

nance support costs. This is one principal area where the

uncertainty of input parameter values for MTBF must be tested

with sensitivity analysis. The reader should be advised to

remember that the values for MTBF were derived differently

for the two types of equipment . The DAU values are results

of engineering estimates. Experience has indicated that the

theoretical values of MTBF obtained through engineering esti-

mates are generally very optimistic . Test results or oper-

ational experience can be expected to produce lower MTBF

values. For those reasons , the sensitivity analysis of the

DAU will be accomplished by reducing MTBF values by incre-

ments of 25%. Actual operational maintenance data was used

to determine the values of MTBF for the FM radio components.

This data can include undetectable errors or bias which could

result in MTBF values slightly different than actual . This 
i~”)
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discussion points out some of the potential factors and areas

~ 
(

of uncertainty that can result in wide cost variances be-

tween the two types of equipment .

Digital Applique Unit Costs

The total cost estimate of the DAU , using the input data

base from Tables V and VI is $2 ,558 ,184. Individual cost

element subtotals , CE1 through CE13 are presented in Table

VIII . This table also lists each cost element ’s percentage

of total cost. Initial investment costs amounted to 85% of

the total cost estimate and recurring operations costs are

only 15% of the total .

Investment Cos ts:

CE1+CE2+CE1O+CE12+CE13=$2 ,180,868 (85%)

Opera t ions Cos ts:

CE3+CE4+CE5+CE6+CE7+CE8+CE9+CEll=$377 ,316 (15%)

Table IX gives an additional breakdown of Costs associated

wi th initial spares , scheduled and unscheduled maintenance.

Sensitivity Analysis (DAli ). Sensitivity analysis is a

useful technique for accomplishing two objectives. First it

can evaluate the effect of uncertainty in data. If there are

key parameters about which the values are uncertain , the use

of several values in a reasonable range wi l l  show how sensi-

t ive the r e su l t s  are to va r i a tions  of the uncer ta in  paramet-

ers .  It also can be used to identify those parameters that

have a significant influence on the final result ,

Vary ing the Condemnation Fraction (CONDj). Cost model
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Table VIII

Cost Model Results: Digital Applique Unit

1976
Cost Element Dollar s of Total

CE1 — Acquisition/Modification 1,545 ,708. 60.4

CE2 — Initial/Recoverable Spares 162,200. 6.3

CE3 — Non-Recoverable/Condemned Items 72,535. 2.8

CE4 - Unscheduled Repair/Organizational
Level 9,150. .4

CE5 — Unscheduled Repair/Intermediate
Level 166,104. 6.5

— Scheduled Maint/Direct Labor 5,286. .2

CE7 — Scheduled Maint/Indirect Factors 2,931. .1

CE8 — Unscheduled Maint/Indirect Factors 99,138. 3.9

CE9 — Maintenance Reporting 11,912. .5

CE1O — Technical Publications/Data 209,000. 8.2

CEll — Inventory Management Cost 10,260. .4

CE12 — Test Equipment Costs 155,480. 6.1

CE13 — Initial Training Costs 108,480. 4.2

TOTAL COST ESTIMATE (CE1 — CE13) $2 ,558,184.
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Table IX

Additional Cost Breakdown of Selected DAU Cost Element Subtotals

Initial Spares Dollars

~Site Level 103,600

‘~~Jse Supply 58,600

Initial Spares Total — $162,200

Scheduled Maintenance

~Direct Organizational Labor 5,286

.Travel Time (Personnel) 2,570

•Transportation (Vehicle) 361

Scheduled Maintenance Total — $ 8,217

Unscheduled Maintenance

• •Direct Organizational Labor 9,150

.Direct Intermediate Labor 151,295

•Condemned Item Cost 12,191

Parts Consumat ion Cost 60,344

.Travel Time (Personnel) 86,928

.Transportation (Vehicle) 12,210

.Transportation/Packaging (Module) 14,808

~Maintenance Reporting 11,912

Unscheduled Maintenance Total — $358,838
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input data values are not always available for newly devel-

oped hardware . A typical method of establishing a value for

an unknown parameter value is by means of an analogy to a

similar system . A best estimate of the value of CONDj, = .01

was obtained by this method . As previously mentioned , the

Reliability and Engineering Branch of the Sacramento Air

Logistics Center considers the values of .01 and .02 as nor-

mal and a value of .05 is approaching the high side for elec-

tronic modules. Table X shows the results these three values

of CONDj, have on the final cost estimate. Changing CONDi

from .01 to .05 increases the cost by $46,325 which is less

than a 2% overall increase. Because there is no logical

method to assign different values such as 0.0, .01 , or .02

to each module , it was determined that the best estimate

would be obtained by assigning a value of CONDj, = .01 for

all modules.

Varying Mean Time to Repair. The mean time to repair at

both organizational and intermediate level maintenance were

varied to visualize the effect on cost. The DAU specifica-

tions state that the mean corrective maintenance time (organ-

izational level) should be no greater than 30 minutes and

have a maximum corrective maintenance time no greater than

90 minutes (Prime Item Development Specifications for Modem ,

Digital Applique Unit , 1976:22). Table XI shows how the

cost of organizational level maintenance varies when mean

t ime to repair  increases from .50 hours to 1.0, 1.5 and 2.0

hours. The effect is merely a linear increase and even the
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Table X

Digital Applique Unit Cost with Respect to Varying

Fraction of Condemned Parts (COND~)

CONDj (Expressed as Fraction)

.01* .02 .05

CE3 : Non—Recoverable
Condemned Items $12,535. $84 ,117. $118,860

ZChange from
Best Estiinate* 0 + 16% + 64%

Total Life Cycle
Support Cost Variation $2,558,184. $2,569,765 $2 ,604 ,509

¼ Change in Total Cost 0 + .5% + 1.8%

• Change in Total Cost 0 + 11,581 + 46 ,325

( * (Best Estimate , CONDi — .01, Source: Microwave Radio Technician,
Sacramento Air Logistics Center)

200% change from .50 hours to 2.0 hours for repair time has

little cost impact. The high reliability of the DAU compon-

ents, tied with minimum remove and replace repair times at

the organizational level , are the reasons these costs are so

low .

The DAU spec i f ica t ions  do not s ta te  a required module

mean time to repair at the intermediate level of maintenance.

This value would vary depending on the skill of the techni-

cian and complexity of the problem. The best estimate for

this parameter , as stated earlier , was also provided by the

( Reliability and Engineering Branch at the Sacramento Air Lo-
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Table X I

Dig i t a l  Applique Uni t  Cost with Respect to Varying

Organizational Level Maintenance Time to Repair (OTTRj)

- 
Time to Repair (Hours)

.05* 1.0 1.5 2.0

CE4 : Unscheduled Maintenance/ $9 ,150. $18,301. $27,451. $46,601
Organ izat tonal Level

¼ Change from Specification
E.equirement* 0 100% 150% 200%

Total Life Cycle Support
Cost Variation $2 ,588 ,184. $2 ,567 ,355. $2 ,576 ,485. $2 ,585 ,635

¼ Change in Total Cost 0 + .35% + .7% + 1%

Change in Total Cost 0 + $9 ,151 + $18,301 + $27 ,451

* (Development Specification Requirement Mean Time to Repair .50 Hours).

gistics Center . The value of 6 hours was used in this study

as the best estimate and Table XII indicates the cost resu l t s

for CE5: Unscheduled Maintenance/ Intermedia te  Level , wi th

va r i a t ions  of mean t ime to r epa i r  of 4 , 6 , and 8 hours . ¶

Varying Mean Time Between Failure (MTBF1). Varying the

parameter values of COND1, organizational and intermediate

mean t ime to repair  in the previous s e n s i t i v i t y  analyses in-

dicated that the total cost did not change by more than 2%.

The 10 year recur r ing  costs totaled only $377 ,317 or 15% of

the total  cost est imate.  Sens i t iv i ty  analysis  of the prev i-

ously mentioned parameters  had l i t t l e  e f fec t  on the total  
:~~~
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Table X I I

Dig ital App lique Unit Cost with Respect to Varying

Central Intermediate Maintenance Mean Time to Repair (CMMH j)

Time to Repai r (Hours)

4 6* 8

CE5.: Unscheduled Maintenance/
Intermediate Level $115,672 $166,104 $216,535

Total Life Cycle
Support Cost Variation $2,507,752. $2,555,184. $2,608,616.

¼ Change in Total from
Best Estimate* 1.8% 0 2%

Total Cost Change $47,432 0 $53.432

* (Best Estimate , Time to Repair — 6 Hours , Source: Microvave Radio
Technician, Sacramento Air Logistics Center

(
cos t .  These r e su l t s  are due to the high r e l i a b i l i t y  of the

digital applique unit components.

Referring back to Table VI , the MTBFj for the DAU mod-

ules range from a low of 20,000 hours to a high of 687,000

hours. Compare this to the MTBF j values from Table VII for

the FM radio equipment that has a range from 4914 hours to

157 ,248 hours. Mean time between failure is the key param-

eter that can cause significant increases in follow-on op-

eration costs. The Cost elements CE2 , CE3 , CE4, CBS , CE8

and CE9 are all dependent on MTBF~ . Table XIII shows how re-

ducing the engineering estimates on MTBF~ by successive incre-

( 
ments of 25% will effect the value of these cost elements and
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Table X I I I
D i g k t al  Applique Unit  Cost wi th  Respect to Varying 1

Mean Time Between Failure (MTBF)

MTBF
(Expressed as Fraction of Engineering Estimate*)

1.00* .75 .50 .25

CE1: Acquisition/Modif i—
cation Cost $1,545,708 $1,545,708 $1,545,708 $1,545,708

CE2: Initial Spares 162,200 195,000 229,600 332,400

CE3: Non—Recoverable/
Condemned Item Cost 72,535 96,714 145,071 290,11.1

CE4 : Unscheduled Main-
tenance/Organizational
Level 9,150 12,200 18,301 36,601

CE5: Unscheduled Main—
tenance/ Intermediate S

Level 166,104 221,471 332 ,207 664,414

CE6: Scheduled Main—
tenancefDirect Labor 5,286 5,286 5,286 5,286

CE7: Scheduled Main-
tenance/Indirect Costs 2,931 2,931 2,931 2,931

CE8: Unscheduled Main-
tenance/Indirect Costs 99,138 132,184 198,277 396,553

CE9 : Maintenance Reporting 11,912 15,877 34 ,808 47 ,599

CE 1O: Technical Data Cost 209 ,000 209 ,000 209 ,000 209 ,000

CEll: Invento ry Management
Costs 10,260 10,260 10,260 10,260

CE12: Test Equipment 155 ,480 155,480 155,480 155,480

CE13: Training 108,480 : 108 ,480 108,480 108,480

Total Cost Estimate $2 , 558,184 $2,710,591 $2 ,984 ,409 $3,804,853

¼ Change in Total Cost 0 + 6% + 17% + 49%
Total Cost Change 0 + $152 ,407 + $426 ,225 +$l ,246 ,669

* (Engineering Est imates of DAU Module MTBF , Source: Technical Report/DAU , 1975)
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the impact on the to ta l  Cost es t imate . A 2 5 % decrease in

MTBFi increases the recurring operations costs from $377 ,316

to $529 ,723 , which is a 40% increase in these costs. Simi-

larly, a 50% decrease in MTBFi results in a cost estimate of

$803 ,541 for operations cost or a 113% increase over the

$377 ,316 recurring costs.

The values for MTBF~ for the digital applique unit are

based on theoretical engineering estimates of the prototype

development contractor (Jessen , Technical Report; Digital

Applique Unit, 1975:199). Engineering estimates are gener-

ally optimistic , that is , the predicted values of MTBF are

higher than those obtained in actual field operational ex-

perience. For these reasons , the value of MTBF1 may have the

( greatest degree of uncertainty associated with it than any

of the other parameters.. To compound the situation , it also

is the only parameter that influences the cost associated

with 6 of the 13 equations .

FM Radio Set Costs

The total cost estimate for the microwave FM analog ra-

dio sets using the input data base (1976 Dollars) from Tables

IV and VI is $4,141 ,870. The individual cost element sub-

totals and their percentage of the total cost are presented

in Table XIV. It should be noted that CE2: Initial Spares,

CE12: Test Equipment , and CE13: Initial Training have

values of 0.0 because these cost elements are sunk costs for

• ( this  establ ished operat ional  system . Table XV gives an ad-
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Table XIV

Cost Model Results: FM Radio Sets

Cost Element 1975 Dollars % of Total

CE1 — Acquisition/Modification 102,000. 2.5

CE2 — Initial/Recoverable
Spares 0. 0

CE3 — Non—Recoverable/
Condemned Items 946,293. 22.9

CE4 — Unscheduled Repair/
Organizational Level 732,351. 17.7

CE5 — Unscheduled Repair/
Intermediate Level 1,147,539. 27.7

CE6 — Scheduled Maint/
• Direct Level 7,599. 0.1 ‘)

CE7 — Scheduled Maint/
Indirect Factors 3,925. 0.1

CE8 - Unscheduled Maint/
Indirect Factors 1,039 ,966. 25.1

CE9 - Maintenance Reporting 124 ,807 . 3.0

CE1O — Technical Publications/
Data 22,000. 0.5

CEll - Inventory Management Cost 15,390. 0.4

C E12  - Test Equipment Costs 0. 0

CE13 - Initial Training Costs 0. 0

TOTAL COST ESTIMATE (CE1 — CE13) $4 ,141,870.
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Table XV
• 

Additional Cost Breakdown of

Selected FM Radio Cost Element Subtotals

Scheduled Maintenance Dollars

* Direct Organizational Labor Cost 7,599

* Travel Time (Personnel) Cost 3,442

* Transportation (Vehicle) Cost 483

SCHEDULED MAINT ENANCE TOTAL $ 11,524

Unscheduled Maintenance

* Direct Organizational Labor Cost 732,351

* Direct Intermediate Labor Cost 1,113,772

* Condemned I tem Cost 561,588

* Parts Consumption Cost 384 ,705

* Travel Time (Personnel) Cost 911,884

* Transportation (Vehicle) Cost 128,081
•0

* Transportation/Packaging (Module) Cost 33,767 - —

* Maintenance Reporting Cost 124,807

UNSCHEDULED MAINTENANCE TOTAL $ 3,990 ,955

( 
.
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d i -t i o n a l  Cost  breakdown of scheduled and unscheduled main-
lb

tenance .  The costs acsoc ia ted  w i t h  the FM radio equipment

are predominantly recurring operations costs. Investment

costs amount to only 3% of the total and recurring operation

costs are 97%.

Investment Cos ts: ~~

S CEl+CElO~ $l24 ,O00 (3%)

Opera tion Cos ts:

CE3+CE4+CE5+CE6+CEV+CE8+CE9+CEll—$4 ,0l7 ,870 (97%)

Sensitivity Analysis (FM Radio Sets). Most of the FM

radio equipment data were obtained from actual maintenance

data collected over th~ past 12 month period . Two particu-

lar parameters for which data were not available and best

estimates had to be assumed , were the central intermediate

level maintenance variables of COND1 (fraction of failures

condemned) and CMMH~ (central maintenance manhours to repair

the ith module). The same value of COND~ = .01 will be used

for the FM components as was in the DAU analysis and for the

same reasoning . To vary the value of C0ND~ from..Ol to .02

1~esul ts  in a p ropor t iona l  change of condemned item cost.

S e n s i t i v i t y  a n a l y s i s  w i l l  be performed by vary ing  CMMH~ and

MTBF~ to illustrate their influence on the total cost esti-

ma te.

Varying Mean Time to Repair  ( In te rmedia te  Level) .  As

s t a t e d  in t h e  d ig i t a l  applique un i t  section , the value

of mean t ime to repair  at the in te rmedia te  maintenance
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level was a compromise between the range of 4 to 8 hours ,

estimated by the Sacramento Air Logistics Center , Reliability

and Eng ineering Branch. Table XVI shows the resultant cost

estimates when CMMH~ values vary from 6 to 4 or 8 hours .

If the reader compares Table XVI with the comparable

DAU Table XII , the costs for the FM radio unscheduled main-

tenance (CE5) is approximately seven times greater. Of

course part of this increase cost can be expected because

the FM radio set has 50% more modules/items than the DAU

(30 vs 20). The increased number of parts accounts only for

a small portion of the wide cost differential. The primary

reason being the much higher failure rate of the FM radio

equipment .

( The researcher will take some liberty in the following

example by comparing an average of means , but this is done

merely to emphasize a point and not for precise accuracy .

First consider that the average MTBF1 of the twenty DAU mod-

ules is approximately 195,000 hours and that of the thirty

FM radio work unit codes is only 41 ,000 hours. The ratio of

these two figures (‘~ gg~ : ij.~.) is approximately five.
This implies that the FM radio set is generating five times

the number of failures , five times the number of demands for

intermediate level maintenance and therefore approximately

five times the cost for this support. It was stated in the

first section of Chapter III that reliability was a predom-

( m ate equipment characteristic around which life cycle sup-
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Table XV II

FM Radio Set Cost With Respect to Varying

Intermediate Level Maintenance Time to Repair (CMM H~)

Time to Repair (Hours)

4 6* 8

CE5: Unscheduled Maintenance/
Intermediate Level $776,282 $1,147,539 $1,518,796

Total Cost Estimate 3,776,613 4,141,870 4,513,127

% Change in Total From
Best Estimate* — 8.8% 4 + 8.9%

Total Cost Change — $365,257 -0- + $371,257

* (Best Estimate, Time To Repair — 6 Hours, Source: Microwave Radio
Technician, Sacramento Air Logistics Center)

port cost models are developed . This comparison of the in-

termediate level maintenance costs for the DAU and the FM

radios , demonstrates the influence reliability (MTBF~) has

on this cost element.

Varying Mean Time Between Failure (MTBF~). A fundainen-

tal assumption of this study is that the maintenance data for

the FM radio sets is the most appropriate and best available

data to determine equipment parameter values. Therefore , the

calculated values for MTBF~ are considered to be reasonable

representations of the FM radio equipments ’ reliability .

The preceeding section demonstrated the effect MTBF~ had on

the cost element CE5 , intermediate level maintenance . MTBFj

is the key independent var iable that has the greatest influ-
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ence on recurring support costs. It affects the resultant

cost of 6 of the model equations . This is best demonstrated ,

as in Table XVII , by varying MTBF~ by ± 25%. A 25% improve-

ment in MTBF~ would result in a $798,187 decrease in total

cost over the 10 year period . A 25% decrease in MTBF~ would

increase cost by $1 ,330 ,311. It is highly unlikely changes

of this magnitude would occur and particularly not for all

modules. In fact , the failure rate for most electronics

equipment is considered to be fairly constant until it ap-

proaches what is termed a “wear-out period” near the end of

its life cycle. During the wear-out period the failure rate

increases rapidly. The FM radio equipment is approximately

3 to 5 years into its useful operating life of 10 to 12

( years. Therefore , the failure rate is assumed to be constant

and the best estimate is that which was obtained from the

analysis of maintenance data .

Digi tal Applique Unit and FM Radio Combined Costs

The previous sections presented individual cost esti-

mates for the digital applique unit and the FM radio sets.

Due to the uncertainty of parameter values , sensitivi ty anal-

ysis was performed for each type of equipment to obtain the

effect on cost. It also demonstrated the effect changes in

parame ter values can have on the incremental and final costs .

These cost estimates and sensitivity analyses for each type

of equipment were done separately in order to segregate the

contribu tion each system would have toward the total cost of
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Table XVI I

FM Radio Set Cost with Respect to

Varying Mean Time Between Failure (MTBF)

MTBFj (Calculated Value *± 25%)

MTBFj* —25% +25%

CE1: Acquisition !
Modification Cost $102,000 $102,000 $102,000

CE2: Initial Spares 0 (Sunk Cost) 0 0
CE3: Non—Recoverable/
Condemned Item Cost 946,293 1,261,725 757,035

CE4: Unscheduled
Maintenance/Organizational
Level 732,351 976,467 585,880

CE5: Unscheduled
Maintenance/Intermediate
Level 1,147,539 1,530,052 918,031

CE6: Scheduled Maintenance
Direct Labor 7,599 7,599 7,599

CE7: Scheduled Maintenance
Indirect Costs 3,925 3,925 3,925

CE8: Unscheduled Maintenance
Indirect Costs 1,039,966 1,386,621 831,973

CE9: Maintenance
Reporting 124,807 166,401 99,850

CE1O: Technical
Data Cost 22,000 22,000 22,000

CEll: Inventory
Management Cost 15,390 15,390 15,390

CE12: Test Equipment 0 (Sunk Cost) 0 0

CE13: Training 0 (Sunk Cost) 0 0

Total Cost Estimate $4,141,870 $5,472,181 $3,343,683

% Change in Total Coat 0 + 32% — 19%

Total Cost Change 0 + $1,330,311 — $798,187

* (Calculated MTBF , Source: European Cotmnunications Area, Maintenance
Analysis Office)
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the comb i ned system .

It was apparent that the major costs associated with the

dig ital appli que unit are predominantly investment costs.

Due to the high reliability of the DAU , follow-on recurring

Costs were calculated at less than $400,000. The higher

failure rate of the FM radio equipment resulted in an esti-

ma ted recurring operations cost ten times that of the DAU ,

approxima tely $4 million over the ten year period .

The comb ined cost of the two systems , including both

investment and operation costs , is estimated to be around

$6,700,000 over their expected usage of ten years . Table

XVIII summarized the previous cost estimates for both systems

and lists the subtotals for each cost element of the model.

Investment costs for the combined systems are $2 ,304,868 and

are 34% of the total. Operation costs are $4,395 ,186 and

66% of the total.

Investment Costs:

CE1+CE2+CE1O+CE12+CE13—$2 ,304,868 (34%)

Operation Costs:

CE3+CE4+CES+CF6+CE7+CE8+CE9+CE11=$4,395 ,l86 (66%)

The reader must be advised that these costs were all

based on the best estimate of input values available at the

time of the study. Most of the data were subject to varying

degrees of uncertainty and sensitivity analysis demonstrated

the potential effects of changes in parameter values. It is

important to remember that the costs obtained are estimates

( subject to the validity and uncertainty of the input data base.
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Table XVIII

Cost Model Results: Combined Digital

Applique Uni t and FM Radio Set Operations

(1) (2) (1) + (2)
Cost Elements DAU FM Radio DAU/FM % of Total

CE1 — $1,545,708 $102,000 $1,647,708 24.6

CE2 — 162,200 0 162,200 2.4

CE3 — 72,535 946,293 1,018,828 15.2

CE4 — 9,150 732,351 741,501 11.1

CE5 — 166,104 1,147,539 1,313,643 19.6

CE6 — 5,286 7,599 12,885 0.2

CE7 — 2,931 3,925 6,856 0.1

CE8 — 99 ,138 1,039,966 1,139,104 17.0
CE9 — 11,912 124 ,807 136,719 2.0
CE1O — 209,000 22,000 231,000 3.5

CEll — 10,260 15,390 25,650 0.4

CE12 — 155,480 0 155,480 2.3

CE13 — 108,480 0 108,480 1.6

TOTAL $2,558,184 4,141,870 $6 ,700,054

Cost Tradeoff Comparison

The cost model has provided the methodology to estimate

the relevant costs of the combined operations of the digital

app lique unit and the FM radio equipment . To utilize the

model for cost tradeoff comparison among alternative digital

equipments, requires input data from the competing dig ital

radio. Because digital radio data is non -existent at this

time , the following sections will demonstrate the use of the

i
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model for a hypothetical , but potential future cost tradeoff(
between two competing systems .

New Dig ital Radio. In Chapter I it was stated that the

Army is responsible for the development of a new digital ra-

dio. This radio , once fully developed , is projected to be

the Defense Communication Agency ’s standard for most future

digital requirements. Direction has been given to delay pro-

duction of the digi tal applique unit until prototype develop-

men t of the new digital radio nears completion . Possible

considera tion is being given to re-evaluate the use of either

the DAU/FM radio combination or the digital radio in the

Stage III portion of the program . Contracts for development

of the new digital radio are expected to be let before the

( end of the fiscal year. Until progress is made in the digi-

tal radio development project , sufficient data will not be

available to make a thorough analysis of the two options for

Stage III digital equipment .

For example , the writer will assume various equipment

characteristics for a hypothetical digital radio. The fun-

damental assumption is that a new digital radio would most

likely emula te the characteristics of the digital applique

unit. Using this analogy , the new digital radio is expected

to be an all modular design with similar maintainability and

reliabili ty characteristics.

Input Data Base (Digital Radio). The following param-

eters are the only changes to be made from the initial data
q

base listed in Table V.
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NacO , the number of modules for the hypo thetical di gi-
tal radio was set equal to the sum of modules
existing in the DAIJ/FM radio combination.

AQMOD=$65 ,000, program office personnel state that the
Army production cost estimate is $62,500
and the researcher added $2 ,500 for in-
stallation cost.

The values of the system variables such as mean time to re-

pair (OTTR~ , CMMI-1~ ) ,  module prices (UP 1), condemndation frac-
tion (COND~), and the not repairable this site fraction

(NRTS1) were maintained equal to those of the DAIJ/FM radio

equipment . The reasoning is that the one variable which has

the greatest influence on recurring support cost is the re-

liabili ty measure of mean time between failures (MTBFi).

Therefore , the assumed failure rates for the fifty moduies

of the hypothetical digi tal radio were assigned values of

MTBF 1 similar to the digital applique unit values. Table XIX

lists the equipment input variable values used in the example.

For the new digital radio to be more cost effective

than the DAU/FM radio combination , it will have to generate

its savings impact in reducing the cost of recurring sup-

port. Because the FM radio is existing operational equipment ,

there are no costs associated with the acquisition of new FM

radio uni ts , initial spares , test equipment and initial train-

ing costs. The initial investment costs for the DAU/FM ra-

dio combination are primarily attributable to the digital ap-

plique unit. As such , investmen t costs for the new dig ital

radio can be expected to exceed the DAU/FM radio initial

costs because of the sunk costs related to the existing FM —
‘
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Table XIX
Hypothetical Digital Radio CostModel Equipment Variables/Input Values

‘4 U5 MTq~ V 1TT~~ ~‘4MH PTS N~TS ~O~ir
1. 1. ~~1Q. f’1 ‘00’~). .53 6.’)’) 3.10 1.33 .01
2 2. 150.00 687106. .5~ 6.00 0,30 1.9’) .01
3 2. ~~~~~~~~~ ‘1.734, .~~0 4.00 0.30 1.10 .01
~ 2. 903• f l)  ~1le~ 6. .çO 6.01 0.00 1.3’ .01
5 2. coo , o~ ~~~~~ .51 ~.i’ 3.)0 1.03 .01
F, 2. 43fl•fl1 ~t82 1.5.  .50 6,30 0.’O 1.00 .01
7 2. 100.09 ?‘)qR’’. .~~0 ~‘.~‘‘ 0,03 1.0( 1 .01
8 2. 103.00 25~~ 0’. .53 6.3’) 1.30 1.01 .01
9 2. S3~~.~~3 16’~c92. .5’) 6.00 0.00 1.30 .01.

10 1. 1830.31 11.01.1.9. .~~0 6 .00  3, 0( 1 1.00 .0 1
It 2. 800 .0 1  23001 . .5~’ 6 .03  0 .0 ’)  i.0~’ .01
12 2. 150, 01 6~ 7116. .53 6 .03  0 .0 0  1.31 .31
13 2. 1V) f) .~~1 1.2217. .~~0 6 .30 0 . 00  1.0” .31
t s  ~~. g oo.n ~ 1.7259. •c~ c,,~~, ~~~~~~ i .,o ,o i.
1~ 2. 903 , 01 6072 .  .53 6 .0 1 0 .03  1.)~ .0 1
16 2. 903.9 1 71.813. .~~0 6.00 0.~~0 1.00 .01
17 2. ~‘0 . 0 157825. .50 6 .03  0 . 00  1.10 .0 1
15 2. 4 ’)3 , f l )  191.041. ,!1 4 ,0 ’  0 . 0 0  1. .01
19 2. i5~~0. 10 1309 15. .50 6 .01  0 .30  i. 0~ .01
20 1. 600.01  .5’) 6 .03  0 .10 1.10 .01
21. 2. 511.01 !fl ~~~V). ‘. 70 6 .03 1.00 0 . 3 ( 1  0 . 0 0
22 2. 20~~, ’)0 103900 .  .2’) 6 .9’)  0 . C 0  1.9’) .01
21 2. ‘53.90 130090 .  !, ‘) O 4 .00 0 .00  1.~~ .0 1

( 21. 2. t7~~. 10 13030 1. F, r Ø  6, 3 3  3.3 ’) 1.01 .01.
25 2. j7 5, 10 j 0 f l~~10.  ~~ ~~~~~~~~~ 0~ 03 1.30 .01.
26 2. 2~~3 , f l l  133000. 5.30 6 .0) 0 • 3 f l  1.00 .01
2’ 2. 2 ’) 0 .~~ 100301 .  5. ” ’)  6, 0’) 0 . 0  1.0 1 .01
25 2. 3953.01 2 0 0 0 3 .  .c~ 6 .00 1.30 0.1’) 9 . 0)
29 2. 453, 01 110~~1). .50 6.0’) 1,00 0 . 0 0  0 . 03
33 2. 500.09 j3fl3f)’)~ .20  6.00 1. 00 ~.30 0 . 09
it 2. ~~ ‘. oa  ‘0000. 3.~11 6 .39  0 .00  t.~~ .01.
32 2. 1023.0 1 50003.  ~s .S0 6 .03  0 .93 1.00 3 .00
31 2. 71’.O )  50009 .  3. 73  6.31 !‘.9O 1.0’) .91
31. 1. 1763. 09 53000 .  ‘.7 0 6 . ’ ) )  3• 03 1.30 !I.tl 3
~
q j• ~~~~~~ i io ” oo ,  j .

~~ ~~~~ o .oo 1,5’) .01
14 2. 1.1.16.91 5 0 0 0 0 .  2.1~ 6.00 0 .30  1.133 ‘)~~3’3
3? 2. 2 096 .01  50 033 ,  2. 70 6,3 1 3.90 1.10 1.00
38 2. 189 ,11 0 ’) ’) 10,  1.90 6 .00  3 ,33  1.30  3 .00
19 1. 1.12.31 5 0 0 ’) O .  1.10 4 .0)  0.10 1.0” .31
1.3 1, 1.17.01 5~~103, 1,60 6 . 09  0 .30  1.9’ .01
1.1 1. 1567.0) cc ’)~~, c.n F.M o. ’n , i.~~ o.oo
1.? 2. ~10,10 5lf l~~o, .1.0 6 .00  C. fl0 1,00 .01
1.3 2. 1015.01 50099 .  .80 6 • ’) 9  0.10 j .1tt 0 .00
1.1. 2. 111.5.,, 5 0 9 ’) 3 ,  1,~~5 6,91 0.3 ’) 1.03 0 .01
h~ 1. 2200 .11 11”lf ll .  1..~~0 0 .03  1.03 0 .0 0  0 .03
1.4 2. 1530.0 1 i0’~fl 03. 1., ”’  0 . 0)  1.90 0. 130 0 .00
1.7 2. 1756.3 1 100 0 313 .  ~.73 0 . 0 3  1.30 f l . ) r ’  ‘3.03
~, 2. 9t5. ’0 10030.  2 .63  3 . 0 0  ‘) . O C  1. -)” 1. fl ’)

( 1.9 2. 1.58.~~ i0~~0~~fl.  r~•’.~ 1.Q ~ f~, ~~~
‘ t.~~ .01

50 2. 250,1 1 5003 0 .  2 .73  3 .0 0  0 . 0 0  1.30 .01
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radio equ ipmen t.

D i g i t a l  R a d i o  Cost  E s t i m a t e .  The t o t a l  cost e s t i m a t e

for the hypothetical digital radio is $4 ,936 ,864 in compari-

son to t h e  $6 , 700 , 054 e s t ima te  prev ious l y ob ta ined  for  the

DAli/FM radio ten year suppor t cost. Table XX li sts the in-

div idual cost elemen t subtotals for the two proposed systems.

The reader will note that cost elements CE1O throug h CE13 ,

refl ect ident ical costs. For the purposes of this example ,

the costs rela ted to technical publica tions (CE1O), inventory

management costs (CEll), test equipment costs (CE12) and

training (CE13), were assumed to have no discernible differ-

ence be tween al terna te systems . In this way, primary atten-

ti on can be direc ted toward the recurring costs dependen t on

the re l iabili ty charac teris tics of the di gital radio . Ap-

ply ing similar reasoning to the scheduled maintenance costs

(CE6 and CE7) where the cost differential is minimal , no fur-

ther discussion is needed .

Of the remaining cost elemen t subtotals for the digi tal

radio only two , CE1: Acquisi tion Costs and CE2: Initial

Spares Costs, exceed the estimates for the DAli/FM radio equip-

ment. That is because the new dig ital radio per unit ac-

quisition and modification costs are $65 ,000 as compared to

$48 ,000 each for the DAU/FM radio costs. Initial spares for

the digital radio are computing costs of stocking 50 modules

where the digital applique unit has to stock for only 20 mod-

ules . The FM radio values for these cost elements were sunk

C o s t s .
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Table XX

Comparitive Cost Results

Hypothetical Digital Radio and DAli/FM Radio

Digital DAUIFM
Cost Element Radio Radio

CE1 — Acqu1~ ition/Modification $2,210,000. $1,647,708

CE2 — Initial/Recoverable
Spares 589,444. 162,200

CE3 — Non—Recoverable
Condemned Items 714,565 1,018,828

CE4 — Unscheduled Repair
Organizational Level 163,311. 741,501

CE5 — Unscheduled Repair/
( Intermediate Level 354,856. 1,313,643

CE6 — Scheduled Maint/Direct
Labor 7 ,599. 12 ,885

CE? — Scheduled Maint/Indirect
Factors 3,925. 6,856

CE8 — Unscheduled Maint/
Indirect Factors 332,621. 1,139,104

CE9 — Maintenance Reporting 39,933. 136,719

CE1O — Technical Publicattons/
Data 231,000. 231,000

CEll — Inventory Management Cost 25,650. 25,650

CE12 — Test Equipment Costs 155,480. 155,480

CE13 — Initial Training Costa 108,480. 108,480

TOTAL COST ESTIMATE (CE1 - CE13) $4 ,936,864 $6,700,054
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The ini tial investment costs for the digital radio are

$3 ,294 ,404 compared to $2 ,304 ,868 for the DAli/FM radio com-

bina tion . Recurring operations costs are $1 ,642 ,460 and

$4 ,395 ,186 for the di gital radio and the DAli/FM radio equip-

men t respec ti vely.

Inves tmen t Costs:

CE1+CE2+CE1O+CE 12+CE13

Dig ital Radio (Initial Costs) $3 ,294,404
DAli/FM Rad io (Initial Costs) = $2 ,304,868

Recurring Costs:

CE 3 ÷ CE4 ÷ C E 5 + CE6÷C E 7 ÷ CE8 + CE9÷CE 11

Di gital Radio (Recurring Costs) = $1,642 ,460
DAli/FM Radio (Recurring Costs) = $4,395 ,186

The differen tial cost between the totals of the two alterna-

tives is $1 ,763 ,190 in favor of the hypothetical digital ra-

djo. This estimate does not take into account the time value

of money. For a long-range capitai investment decision of

this type it is appropriate to compute the present value of

future expenditures. The recurring operations costs are fu-

ture expenses expected to occur over the ten year life cycle

of the system . These future costs should be discounted to

their present value and the comparison made on the total of

the present value of initial investment and recurring costs.

For this examp le , the recurring operation costs for the

two systems are assumed to be equally distributed over the

ten year period. For an assumed 10% discount rate , the com-

parison of presen t valu es are now $4,304,352 and $5 ,007,464

for the digi tal radio and DAli/FM equipment respectively.
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Using the present value method , the differential cost is now

$703,112 , still in favor of the digital radio. The present

value analysis has the greatest effect on the DAli/FM radio

values because of its larger future recurring costs. Table

XXI shows present value calculations for discount rates of

6, 8, 10 , and 12% . Comparing all present value estimates the

hypothetical digital radio may be the most cost effective op-

tion .

This example was for demon stration purposes only and in

no way reflects the actual situation. The intent was to

poin t out how the developed support cost model can be used

to compare alternatives. When sufficient data on the new

digi tal radio becomes available , the model could be used to

( make a preliminary cost comparison. Analysis of cost model

resul ts could determine if higher initial investment costs

could be amortized over the ten year period of reduced sup-

port costs .

Table XXI

Present Value Calculations for Varying Discount Rates

(Period = 10 years)

Discount Rate Digital Radio DAU/FM Radio

6% $4,503,090 $5,539,280

8% $4,396,330 $5,253,594

10% $4,304,352 $5 ,007 ,464
12% $4 ,222 ,558 $4 ,788,239

(V V
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S m  ar 1

In t h i s  chapter , the researcher obtained the life cycle

support cost estimates of the di gital applique unit and the

FM microwave radio equ ipment using the cost model developed

in Chapter III. Initial discussion dealt with the input data

base requirements of the model. Then the results of the cost

model were presented along with the combined digital applique

and FM radio equipmen t support cost estimate. This cost es-

timate spans a ten year period and amounts to a total of

$6 ,700 ,000. Due to uncertainty of various input data , the

model was exercised using differen t selected parameter value s

and the results were examined for the effect on final cost.

The chapter concludes with a demonstration of the model to

provide life cycle support cost comparisons between equip-

inent alternatives.
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V . Summary
4

This chapter includes a summary , conclusions , and recom-

mendation that resulted from the study .

Summary

The object of the Digital European Backbone Program is

to improve the existing communications in Europe. The pro-

gram will upgrade most of the existing operational equipment

wi th modern , reliable , dig ital transmission subsystems . The

program is be ing implemented in four stages. Stage I will

utilize a Defense Communications System microwave radio mod-

ified to provide the needed digital capabili ty for that seg-

ment. The newly developed digital applique unit (DAli),

( operating with an FM analog radio or the soon to be developed

dig ital radio (Army DRAMA Project), are equipment alternatives

for Stages II , ITT and IV. Preliminary direc tions have iden-

tified the digital radio to replace the older obsorete radios

within Stage II. Digital radio requirements for Stage III

are expec ted to be satisfied using the existing analog radios

in combination with the di gital applique unit recently devel~
oped by the Air Force . The digital applique unit was specif-

ically developed to extend the operational use of the exist-

ing FM radios installed at the Stage III sites. The Stage IV

equipmen t configuration has not yet been defined .

Because the DAU/FM analog radio equipment and the dig-

ital radio can perform the same function , either equipment

al ternative or combinations of equipments remain as candidates
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for Stages II , III and IV . Fin al determinations of the di g-
4

ital equipment confi guration for these stages are awaiting

prototype development results of the dig ital radio. At that

t ime , sufficien t technical and cost data should be available

to conduct an effective study comparing the alternatives.

Thi s stud y focused on a proposed methodolog y for making

the cost comp arisons between equ ipmen t alterna tives for Stage

III of the Digital European Backbone Program . The methodol-

ogy selected to accomplish this task was to develop a life

cycle logistics support cost model representing the relevant

ini t ial inves tmen t costs, maintenance and supply support

costs. The application of the model yields estimated cost

results that indicate relative cost magnitudes and relative

cos t differen tial comparisons as figures of merit between

equ ipmen t al terna t ives.

The developed model was exerc ised and cost estimates

were obt aine ’ for the digital applique unit and the operation-

al FM analo g radio equipment. The cost estimate for the DAli!

FM rad io combina ti on was $6,700 0,000 for the ten year period .

It was emphasized that this result was an estimate based on

the best available data at the time of the study . The great-

est difficulty encountered in using the model , was obtaining

the extensive input data base requirements. Like all new de-

velopm ent s , cer tain parame ter values wer e not available for

the digital applique unit. Although more detailed informa-

tion was available for the FM radio sets , there were some de-

ficiencies also. Best estimates of missing parameter values
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were obtained by means of analogy to similar equipment .

Becau se of the uncertainty that normally exists in es-

ti ma ted values , sensitivity analyses were conducted . Selec-

ted parame ter input values of both the digital appli que unit

and FM radio were varied to determine the effects they had

on the total cost.

Next , the model was used to estimate the costs of the

proposed digi tal radio using hypo thetical parame ter input

values. The purpose was to illustrate the use of the devel-

oped model in a comparison of al ternative equipment with dif-

ferent characteristics and costs. A brief analysis of the

cost differences between initial investment and recurring

costs was conducted using the present-value discounted cash

( flow method . This concluded the study and the demonstration

of the utility of the developed cost model.

Conclusion

The decision criteria used in a cost tradeoff study

mus t not only consider the costs to introduce the equipment

into the Air Force inventory, but also it should include the

expected costs over the equipments operational life . It is

important therefore , that decision makers deliberating be-

tween al terna t ive equ ipment choices are aware of both the one

time investment costs and future recurring costs. The metho-

dology developed in this study provides a useful tool for ob-

tam ing the significant initial investment costs and recurring

( maintenance and supply support costs. Although early esti-
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ma tes of maintenance and supply support costs are not precise ,

they can provide a relative measure for discriminating be- I
tween alternatives.

The suppor t cost model developed in Chapter III computes

recurring maintenance and supply costs as a function of the

expec ted number of failures. Mean-time-between-failures

(MTBF) is the parame ter that i s used to estima te the number

of module failures. It was pointed out that the equipment

reliab ili ty parame ter ,MTBF was the one variable having the

greatest influence on recurring support costs. It is appar-

ent that equipmen t with higher reliabili ty (lower failure

ra tes) will be less costly to suppor t than equipment wi th low-

er reliabili ty (higher failure rates), with all other things

remaining equal.

This was not only demonstrated by sensitivity analysis ,

but also by a comparison of the digital applique uni t and FM

equipment results. Ninety percent of the total ten years re-

curring support costs are attributable to the less reliable

FM radio equipment.

The conclusion the researcher draws from this , is that

the not yet developed all di gi tal radio could he a viable

cost effective alternative for Stage III. If the new digi tal

radio were to have the higher reliability characteristics as-

sumed for the dig ital applique unit , it could conceivably be

the least costly option .

t
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Recommendation

When sufficien t technical and cost data become available

from the di gital radio developmen t , a tradeoff analysi s be-

tween it and the DAli/FM radio equipment should be accomplish-

ed. It is recommended that the methodology used in this

study be utilized to obtain the comparitive cost estimates

for the two alternative systems.

However , cost should not be the sole criterion. Other

factors that should possibly be considered are:

1 . If possible , a projec tion of the useful life of the

FM radios should be made. This study assumed a ten year op-

erational period based on the dig ital applique unit’ s speci-

fication . The Stage III imp lementation schedule was 1978 ,

which would place the FM equipmen t approx imately five years

into their operating life. Is it reasonable to assume they

can be useful for the additional ten years or will their con-

d iti on begin to deteriora te?

2. The selection of digital equipment for Stages II ,

III and IV should consider the interactions of using the same

equ ipment for all three stages. The potential benefits de-

rived from standardization of equipmen t , parts , training and

documen tation could have considerable impact toward reducing

total program costs. Whereas the use of both alternatives

in differen t stages has the effect of proliferation of equip-

ment , parts , training and technical documentation.

3. Both systems must also be compared against each

other in term s of equipment performance. One may provide

greater versatility, bet ter fault isolation features , built

( in test equipment or other desired features.
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Cost Model Data Element Definitions

Parame ters/Data Elemen ts

AHR - Average monthly operating hours per piece of equip-
men t (24x30 = 720 hours per month).

AMH - Average monthly operation hours per piece of equip-
ment multiplied by the number of units to give sys-
tem total operating hours per month (AMH = AHRxNO).

AQMOD - The unit acquisition cost for quantity procured
and/or the modification cost per piece of equipment
modified (Digital European Program Office).

ART - Average maintenance report time (ART = .65 Hour ;
Source: Logis tic Support Cost User ’s Guide , 1975:
2-2).

BDMEAN~ - Mean demand for the ith component at base supply
level.

BSPT - Base supply pipeline time. The average base supply
cycle time in response to a site initiated parts
request (BSPT = .50 mon th; Source: European Corn-

( munications Area .

BSTK
~ 

- Base stock level of the ith component .

CCTH - Contract cost per training hour for Type I training
(CCTH $245/hour ; Source: Air Training Command
Cos t and Planning Factors Office).

CE1 - Total acquisition and/or modification cost.

CE2 - Acquisition cost of initial spares at site and base
supply points.

CE3 - Non-recoverable item cost , includes parts replaced
and discarded during corrective maintenance , and
replenishment cost of condemned items .

CE4 - Direct organizational labor costs to perform un-
scheduled maintenance .

CE5 - Direct intermediate maintenance labor costs to per-
form unscheduled corrective maintenance.

CE6 - Direct organizational labor costs to perform
scheduled preventive maintenance routines .

I t
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CE7 - Indirect scheduled maintenance costs associated
with travel to and from unmanned communication ¶
sites.

CE8 - Indirect unscheduled maintenance costs associated
with travel to and from unmanned communication
sites.

CE9 - Cost associated with direct labor expended to com-
plete maintenance reporting paperwork .

CE1O - Initial technical data costs of published techni-
cal instructions and technical orders.

CEll - Inventory management costs. The cost associated
with initial and recurring supply management costs
of modules and components .

CE12 - Test equipment and support equipment costs.

CE13 - Initial training costs.

CFM - Vehicle cost factor per mile (CFM = $.l6 per mile ;
Source: Defense Communications Agency Circular
600-60-1 , 1972:24-39).

V CISE - Cost of central intermediate maintenance special
support equipment (CISE $118 ,170; Source: Digital
Applique Unit prototype development contractor).

CIPT - Central intermediate maintenance repair pipeline
time (CIPT - 1.0 month ; Source: European Communi-
cations Area).

CLR - Central intermediate maintenance labor rate (CLR =

$18.05; Source: Logistics Support Cost User ’s
Guide , 1975:2-4).

CMIFI - Average cost per hour of mobile instructor , to in-
clude labor rate , retirement , perdiem , and supplies
(CMIH = $15.00/hour ; Source: Air Training Command
Cost and Planning Factors unofficial estimate for
this thesis).

CMMH. - Central intermediate maintenance manhours expected
1 per repair of the ith module/item (CMMHj . = 6 hours;

Source: Sacramento Air Logistics Center),

COND . - Condemnation of the ith component , expressed as a
1 fraction of failures (CONDi .01; Source: Sacra-

mento Air Logistics Center).
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CONF - Confidence level factor for desired stock level
availability.

COTE - Test equipment cost per site or mobile maintenance
van (COTE • $2665 per installation ; Source: Con-
tractor estimate).

CPP - Transportation , packaging , and handling cost per
pound (CPP = $.53 per pound ; Source: Air Force
Logis tics Command Manual 66-18 , 1970:15-3).

i - The subscript identifying each component/module.

IMC - Initial management cost to introduce a new item of
supply into the Air Force inventory (IMC = $46.60
per item ; Source : Logistics Support Cost User ’s
Guide , 1975:2-1).

j - The subscript identifying each scheduled main tenance
routine .

L - Number of different scheduled maintenance routines
(Source: European Communications Area).

MTBF~ - Expected mean-time-between-failures of the ith
component , expressed in operating hours.

MTT - Mean travel time to complete round trip between
unmanned sites and mobile mait~tenance facilities.

N - The number of different components or modules per
piece of equipment .

NBS - The number of host base supply points.

NML - Average number of miles traveled to complete round
trip between mobile maintenance facility and unman-
ned sites.

NPT - Number of personnel to receive Type I , contractor
training .

NO - Total number of units procured and/or the number
of modifications required .

NRTS. - Fraction of failures of ith module/item which is1 transferred to intermediate maintenance for repair
(Not repairable this station).

NSV - The number of sites and mobile maintenance vans
maintaining stock level of spares and test equip-
ment. J 
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OLR - Organizational labor rate of maintenance tec~ini-
cian. (OLR — $13.10; Source: Logistics Support
Cost User ’s Guide , 1975:2-4).

OMMH - The average number of organization shop maintenance
manhours expended for site repair of the ith module !
item .

ONPT - The number of organizational maintenance personnel
to be trained .

OTHR - The number of organizational training hours re-
quired .

OTTR~ 
- Organizational time to repair is the average time

in man-hours per failure of the ith module/component
to test , remove , replace , and realign , to put equip-
ment into operable condition .

PCF - Parts consumption cost factor expressed as a frac-
tion of the recoverable parts cost (PCF = .05;
Source: Defense Communications Agency Circular
600-60-1 , 1972:22-4).

PIUP - Projected inventory usage period expressed in
years (PIUP - 10 years).

QPA1 - Quantity per application of the ith component . The
max imum number of like components installed in a
single unit or radio set.

R1’IC - Recurring management cost to maintain an item in
the active Air Force Inventory (RJ4C = $104.20 per
item per year; Source: Logistic Support Cost User ’s
Guide , 1975:2-1).

RTS. - Fraction of removals of the ith item or module
1 which are repaired at the organizational shop lev-

el and returned to service (Repair this station).

RTT. - The average round trip transportation cost to ship
1 the ith module to CIMF for repair and return to

host base supply (RTT~ 
- 2~ WT~~

.CPP) .

SDMEAN1 - Mean demand for the ith module or component at
communications site level.

SMH4 - The average man-hours required to perform the jth
-‘ scheduled maintenance routine .

SMI . - The established interval between the jth schedu led
~ ma intenance routine, expressed in months or frac-

tion of a month.
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SSTK 1 
- The s i c  stock ~evel of the ith component .

d ‘4
TCH - irainees cost p~r hour (TCH — $15.00/Hour ; Source:

Air Training Command , Cost and Planning Factors
Office).

TO - Average cos t per original page of technical docu-
mentation (TD = $220.00 per page; Source: Logistics
Support Cost User ’s Guide , 1975:2-2).

THR - Number of Type I contractor training hours required .

TI - Estimated number of pages of technical instruction
or intermediate technical documentation .

TO - Est ima ted number of pages of organizationa l level
technical documentation and technical orders re-
quired to maintain the equipment.

~JMF - Fraction of unmanned sit’-s to total number of sites.

UP1 - The unit price of the ith module/component .

WT~ - Average weight per module /item .

(

C
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