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expressed in the document are those of the author and do
not necessarily reflect the views of the School of Systems
and Logistics, the Alr University, the United States Air
Force, or the Department of Defense.




k|
!
|

bl AR

USAF SCN 75-20B AFIT Control Number LSSR 9-78A

AFIT RESEARCH ASSESSMENT

The purpose of this questionnaire is to determine the potential for current
and future applications of AFIT thesis research. Please return completed
questionnaires to: AFIT/SLCR (Thesis Feedback), Wright-Patterson AFB,
Ohio 45433.

1. Did this research contribute to a current Air Force project?

a. Yes b. No
2. Do you believe this research topic is significant enough that it would
have been researched (or contracted) by your organization or another agency
if AFIT had not researched it?

a. Yes b. No
3. The benefits of AFIT research can often be expressed by the equivalent
value that your agency received by virtue of AFIT perfoiming the research.
Can you estimate what this research would have cost if it had been
accamplished under contract or if it had been done in-house in terms of man-
power and/or dollars?

a. Man-years $ (Contract).

b. Man-years $ (In-house).

4. Often it is not possible to attach equivalent dollar values to research,
although the results of the research may, in fact, bc important. Whether or
not you were able to establish an equivalent value for this research (3 above),
what is your estimate of its significance?

a. Highly b. Significant c¢. Slightly d. Of No
Significant Significant Signifigs

5. Comments: ﬁrﬁf oN to -

\;ws

Name and Grade Position

Organization Location




_INCLASSIFTIED

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE SEFOLE Eoat L e s R
| REPORT NUMBER / ‘l'? GOVT ACCESSION NO.| 3. RECIPIENT'S CATALOG NUMBER
LSSR 9-78A A
4. TITLE (and Subtitle) S. TYPE OF REPORT & PERIOD COVERED
FORECASTING DEPOT OVERHAUL COSTS OF
TACTICAL MISSILE GUIDANCE AND Master's Thesis
CONTROL SUBSYSTEMS 6. PERFORMING ORG. REPORT NUMBER
7. AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(s)

Joel D. Eichenberger, Captain, USAF
Donald F. Norville, GS-09

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT, TASK
Graduate Education Division SRS AR HRFT MU EEAS

School of Systems and Logistics
Air Force Institute of Technology, WPAFB OQH

1. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
Department of Research and Administrative Jure 1978
Management 13. NUMBER OF PAGES
AFIT/LSGR, WPAFB OH 45433 81 :
Te. MONITORING AGENCY NAME & ADDRESS(If different from Controlling Office) 1S. SECURITY CL ASS. (of this report)
UNCLASSIFIED
15a. DECLASSIFICATION/ DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited

b ‘7. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if different from Report) g

o G

Wu: RELZASE AFR 190-17.
J F. UE:%?,BM

Diro\c or of Information

L, X
18. SUPPLEMENTARY NOTES PROVEb\'

19. KEY WORDS (Continue on reverse side if necessary and identify by block number)

Life cycle costing, cost estimating relationships, tactical
guided missiles, multiple linear regression, depot overhaul.

20. ABSTRACT (Continue on reverse side if necessary and Identify by block number) l

Thesis Chairman: Leslie J. Zambo, Major, USAF

DD , %" 1473  €oiTion oF 1 NOV 68 1S OBSOLETE UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered




T T Ty

RIS s o e i s e R et S IS e b

>

e e e A . .

UNCLASSIFIED

SECURITY CLASSIFICATION OF YHIS PAGE(When Date Kntered)

"Recently, increased emphasis has been placed on designing systems
for supportability due to the significance of support costs on the
total life cycle cost of the system. One of the most important
contributors to tactical missile support costs is the cost of
depot overhaul of guidance and control subsystems (GCS). Despite
its importance, depot overhaul costs are not currently forecast
by the operations and support cost model used by Warner Robins
Air Logistics Center, the system manager for tactical missiles,
Instead, the model requires an externally derived estimate of this
cost as input data. However, accurate estimating techniques have
not been developed to forecast the cost of tactical missile GCS
depot overhaul during system development. The authors, using the
technique of multiple linear regression (MLR), identified several
physical characteristics of a GCS which are important determinants
of depot overhaul cost. These important determinants were then
used to develop a cost estimating relationship model for fore-
casting GCS depot overhaul cost during tactical missile system
development. «

\

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)




S s S~ T i Vi

A e

s o

TR

e

INTTSE

LSSR 9-78A

FORECASTING DEPOT OVERHAUL COSTS
OF TACTICAL MISSILE GU1DANCE

AND CONTROL SUBSYSTEMS

A Thesis
Presented to the Faculty of the School of Systems and Logistics
of the Air TForce Ilnstitute of Technology
Air University
In Partial Fulfillment of the Requirements for the

Degree of Master of Science in Logistics Management

Joel D. Eichenberger, BA Donald F. Norville, BA
Captain, USAF GS-09

June 1978

Approved for public release;
distribution unlimited




This thesis, written by
Captain Joel D. Eichenberger
and
Mr. Donald F. Norville
has been accepted by the undersigned on behalf of the fac-
ulty of the School of Systems and Logistics in partial ful-

fillment of the requirements for the degree of

MASTER OF SCIENCE IN LOGISTICS MANAGEMENT
(ACQUISITION LOGISTICS MAJOR)

or

MASTER OF SCIENCE IN LOGISTICS MANAGEMENT (PROCUREMENT MAJOR)

DATE: 14 June 1978

\/f / \ ) {/
( )(‘;ZZ,“ & by

Geied COMMTI‘"@!WHAI RMAN

ii




ACKNOWLEDGEMENTS

We are indebted to many people for their assistance
in the preparation of this thesis. Our thanks go to the
tactical missile system management personnel at Warner
Robins Air Logistics Center and in particular to Mr. Harold
Moore, who provided not only the topic for this thesis but
also a great deal of information essential for its comple-
tion.

We also want to thank our thesis chairman, Major
Leslie J. Zambo, for his constructive guidance and contin-
uous encouragement throughout this vesearch effort. A
special "thank you" goes to Dee Babiarz for preparing the
final copy of the thesis.

Finally, we wish to express our love and apprecia-
tion to our wonderful wives, Cathy and Betty, for their
unselfish support during the many hours spent in research
and writing and for Cathy's typing of the numerous pre-

liminary papers and thesis drafts.

iii

i
3




TABLE OF CONTENTS

ACKNOWLEDGEMENTS . . . . . +« « « o « =
LIST OF TABLES . + o . & ¢ o
LEST OF PIGURES . & ¢ s s s x.s
Chapter
Y« 'INTRODUCTION . . o ¢ &% s
Statement of the Problem . .
ObJ@CtIVEs . o o o ¢ v & s
Research Questions .
2. BACKGROUND AND JUSTIFICATION
Background : « s« & ¢ & o o o
Requirement for life cycle
Life cycle cost models . .
SUMMary « « « « ¥ v 3 & @
Justification < < < v w
3. MBTHODOLOGY . ¢ « & « o o =
Data Acquisition Plan . . .
POpUkation . « s o« v s ow e
Sample . « ¢ « o ¢ o &
Data description . . . . .
Developing the Model . . . .
Identification of variables

Model manipulation . . . .

iv

costing

. . .

Page
i1i
viii

ix

6

10
(!
13
13
14
14
19
L
17

19

e e




Chapter

4.

Model evaluation . . . . . . . . .
REBXMDELODE & i o aanbint e an das wai s ol 4 i
BIBAEAION® . . v a0 n s e e e e

BIBEERES 5w s hite o ete s st e
Selecting Individual Variables . .

CorrelAation . i ¢ hiaila e s e s

Type of Guidance Employed (TG) . .

Acquisition Cost (AC) . . . . . .

Weight (WIY 0 i el e T

engeh (LB o o e e

NoFame '{VO) L& iy o e .

Plots of standardized residuals .

BORSEE (BN I e o et

SUREVATY . 5 5 g e e e etk e e e
Combinations of Variables . . . . .

Acquisition Cost and Type of
Guidance Employed . . . . . . .

Stepwise inclusion of all
vaxiables . . ¢ v v v v w08 e

Stepwise inclusion of physical
variables . . . .. & ¢ s 8 o

Stepwise inclusion of selected
variables after forced inclusion
of categorical variables . . . .

Stepwise inclusion of selected
variables after forced inclusion
of density variables . . . . . .

SURMBEY o o o 5 3 % % s 6 % w e s

Page
19
20
20
21
21
21
22
23
23
23
24
24
24
30
30

32

33

36

38

40

43




AR b R gl

Rl M TR S ol s | B At 0 a

Chapter Page
Subjective Evaluation . . o = o« .+ o+ 5 « o & 43
TR T e S E R N R A R 46

L Rt e Ry SR et S Lt S 1 TG RS
Ryailability of input daka . o o« b a s e 47

9. SUMMARY AND CONCLUSTIONS . « « s & s &'a « & 48
R e el o e e e T e e 48
CORCIUEBIONSE & - o« & v v s s mrs s e s 49
Research question #1 . . . . . . . . . . . 49

Research guestion #2 . . « « & o s = & =+ = 50

Using "Bhe moded . o o el s nh el e e e 53

‘ Recommendations = « «': o 5 o e oo w o 54
| APPENDICES

Ao INDEX DEVELOPMENT o o et ot o & o e fd e @ e a St

: B. MULTIPLE LINEAR REGRESSION (MLR) . . . . . . . 61

i Basre MR =R h v el el SRt SR R e s 62

Model Development and Evaluation . . . . . . 63

Coefficient of determination . . .« « & « . 64

Significance of overall regression . . . . 64

Significance of individual regressors . . 65

Plot of standardized residuals . . . . . . 66

€. OBSERVED/CONVERTED DATA .« « « « o o < & o + = 638

pDepot Overhaul CoO8t . & v v & & W oW w wowls 69

ROGuaASiCion COBE o &« o w o v & ww o owmow o m v s 74
Physical Characteristics « « «+ « o v & + « & 75

Time~Sharing File . . « v« & & w o = & % = = 75

vi

. e e




Chapter Page
SELECTED BIBLIOGRAPHY . . ¢« ¢ o ¢ o « o o o s o o o @ 78

A. REFERENCES CITED . . . . ¢« « ¢ ¢ s o o o o o+ = 79

253 s 1800 o S el

B. RELATED SOURCES . . . . . . « &« « « &« + & =« = 81

g Bt A

C oo i s ik o

3

R

(AT e

@
i
f
i




LIST OF TABLES

0&S Cost Estimate Data . . . . . .
Identification of Variables . . . .
OHC Correlation Coefficients . . . .
Important Variables . . . . . . . .

Independent Variable Intercorrelation

MER -Modeil So s iR v as e i
Important Variables . . . . . . . .
MLR Models . . . .

DOD TIndices R R L R T

Overhaul Cost Indices . . .
WR-ALC OHC Data

AIM-7FE OHC Input Data . . .
AGM-45 OHC Input Data . . . . .
AIM-9 OHC Input Data . .
Additional OHC Input Data
Acquisition Cost Input Data . . .

Physical Characteristics Input Data

viii

Page

18
22
30
35
45
50
51
59
60
70
71
L

72

74

76




Figure

2.1,

K

TG

S At ey -+ Bt T Sl it i

LIST OF FIGURES

Distribution of Federal Spending

Problem Scope
Residual Plot
Residual Plot
Residual Plot
Residual Plot
Residual Plot
Residual Plot
Residual Plot
Residual Plot
Residual Plot
Residual Plot

Residual Plot

for
for
for
for
for
tor
for
tor
for
for

for

Basic Scatterplot

Time-Sharing File

BE s
W e s
151 SRR
VO

DN
DN/DNS
AC/TC
LH/AC /WT

LH/DN/WT/VO/DI
TG/VO/LH
DNS/DN/AC

Patterns .

ix

.

Page

10
25
26
27
28
29
31
34
37

39




Chapter 1

INTRODUCTION

The development of new air launched tactical guided
missiles is a continuing process within the U.S. Air Force.
Recently, increased emphasis has been placed on designing
systems for support due to the significant impact of support
costs on the total life cycle cost (LCC) of a system. For
example, Warner Robins Air Logistics Center (WR-ALC) has
estimated the annual operation and support (0&S) costs for
the AIM-7F and AIM-9L missile systems to be $6.92 million
and $4.53 million, respectively, for quantities of 10,000
each.

A large portion of these 0&S costs were comprised
of depot overhaul costs. For the AIM-7F and AIM-9L, annual
depot overhaul costs were estimated to be $5.45 million and
$3.28 million, respectively, or approximately 80 percent
and 73 percent of total annual 0&S costs (13). Of these
depot overhaul costs, the single most important factor is
the depot overhaul of guidance and control subsystems (GCS)
(14), the "brains" of a guided missile, which may account
for as much as 80 percent of missile acquisiticon cost (1:5).
The portions of the WR-ALC annual 0&S cost models for the
AIM-7F and AIM-9L which compute total annual GCS depot
overhaul costs (DC) are as follows:

1
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AIM-7F DC = (.0670 - .000061F + F2)OHC

AIM-9L DC = (.036Q - .00003F + FZ)OHC
The variables contained in these equations are identified
in Table 1.1, 0&S Cost Estimate Data, along with the values
used by WR-ALC in determining the estimates of total annual
0&S costs. Using these values in the above equations, the
resultant estimates for total annual GCS depot overhaul

costs are $5.43 million for the AIM-7F and $3.25 million for

the AIM-9L.
Table 1.1
0&S Cost Estimate Data
Variables AIM-7F AIM-9L
Missile Inventory (Q) 10,000 10,06;

Annual Flying Hours per
Missile on Aircraft (F) 1,000 20,000

Failure Rate per
Flying Hour (2) .00870 .01942

GCS Depot Overhaul
Unit Cost (OHC) $8,000 $4,353

When compared with the previous cost estimates for total
annual missile depot overhaul ($5.45 and 3.28 million), it
can be seen that virtually all of the depot overhaul costs
for these missiles are associated with the overhaul of the
GCS. Additionally, sensitivity analyses of total annual

0&S cost relative to changes in GCS depot overhaul unit cost




(OHC) indicated that a 10 percent change in OHC resulted in
a 7.8 percent change in total annual 0&S cost for the AIM-7F
and a 7.2 percent change in total annual 0&S cost for the
AIM-9L.

Despite the importance of GCS depot overhaul unit
cost, the WR-ALC O&S cost model does not have the capability
to forecast this cost. Instead, this model, as well as
other current LCC models for tactical missiles, requires an
externally derived estimate of this cost as input data.
There is, however, no known validated method for deriving

this estimate prior to actual depot overhaul (14; 16).

Statement of the Problem

Accurate estimating techniques have not been
developed to forecast the cost of tactical missile guidance
and control subsystems depot overhaul during system devel-

opment.

Objectives

The first objective of this research was to identify
the most important variables for determining the cost of
tactical missile GCS depot overhaul.

The second objective was to use the variables to
develop a cost estimating relationship model which could be
used during tactical missile system development for fore-

casting GCS depot overhaul cost.
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1. What variables are important in determining the
cost of tactical missile GCS depot overhaul?

2. What cost estimating relationships would be
useful in forecasting GCS depot overhaul cost during tac-

tical missile system development?




Chapter 2

BACKGROUND AND JUSTIFICATION

Background

The trend in federal spending over the past several
years, as depicted in Figure 2.1, shows the decreasing share
of resources being allocated to the Department of Defense

(DOD). DOD's share of the federal spending has decreased

\
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Distribution of Federal Spending

Source: (2:p.1-20)
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from approximately 45 percent in 1962 to a projected 25
percent in 1980 (2:p.1-20). This decrease in total DOD
spending has been compounded by rapidly rising manpower
costs and the growing sophistication and complexity of
weapon systems. Although high-level attention primarily
focuses on research and development (R&D) and acquisition
costs, the greatest costs over the life of a system are
normally associated with operation and support (0&S) (11:4).
Clearly, then, if the United States is to obtain
the weapon systems and related support equipment necessary
to maintain a credible defense posture in light of limited

resources, the operation and support costs associated with

these systems must be minimized (5:3.28). “This can only
be accomplished through emphasizing a proper balance among
the three ingredients of life cycle costs: development,

acquisition, and operation and support [12:4]."

Requirement for life cycle costing. During the past decade

there has been an increased emphasis within DOD on the use
of the life cycle costing concept in the acquisition of

weapon systems. This emphasis is based on the logical

argument that procurement decisions should consider not
only unit price but also other costs associated with the ﬂ
item being procured, such as the costs of operation, sup-
port and disposal (9:vi). DOD Directive 5000.28 requires
the establishment of life cycle cost objectives for weapon
system acquisition programs. Tradeoffs between system

6




capability, cost and schedules must be evaluated to pro-

vide the lowest overall life cycle cost within schedule and
performance requirements (20:3).

Current laws and procurement regulations provide the
general framework in which the life cycle costing concept
can be applied.

Title 10, USC, Section 2305(C) states: "Award shall
be made . . . to the responsible bidder whose bid . .
will be the most advantageous to the United States,
price and other factors considered." Furthermore, ASPR
3-801.1 states: "It is the policy of the Department of
Defense to procure supplies from responsible sources at
fair and reasonable prices calculated to result in the
lowest ultimate overall cost to the Government." In
addition, Comptroller General decision B-151177, dated
17 June 1963, held that award of contracts may be based
on total cost considerations as long as the factors to
be considered are stated with sufficient clarity (9:11].

Life cycle cost models. The integration of life cycle cost
objectives into program management decision maging fequires
the development of tools which the acquisition team can use
to determine initial estimates of total life cycle costs,
including operation and support costs. Tools are also
needed to enable them to determine appropriate tradeoffs
among acquisition cost, performance, scheduling and 0&S
costs (12:4).

The primary tool is the cost model, which can be
defined as a systematic sequence of mathematical relation-
ships formulating a cost methodology which utilizes inputs
in the form of equipment descriptions, organization, pro-

cedures and other variables to determine outputs in the




form of cost estimates (22:p.3-1). Cost models facilitate
handling large-scale, complex systems by providing for
"creative manipulation in order to test new ideas concerning
system components and/or relationships [7:392]."

Included in the general category of cost models are
life cycle cost models. These can be distinguished from
other types of cost models in that they project subsequent
operation and support costs resulting from contemplated
design decisions (22:p.3-2). To be effective, these models
should meet the primary requirements of completeness, sensi-
tivity, validity and availability of input data. To be com-
plete, they must consider all cost elements relative to the
decision issue at hand. They must also be sensitive to
changes in design or program variables so that differences
in the costs of alternatives will be apparent. Although
models can only approximate the real-life situation, they
must be validated to be of practical use in decision making.
Finally, in developing LCC models, one must recogniz‘ any
limitations that exist with regard to obtaining accurate
input data (6:24-25).

Several deficiencies have been identified in exist-
ing models. Many are insensitive to performance and design
variables such as material type, dimensions, accuracy,
speed and range, making the evaluation of design alterna-
tives very difficult. Since inany models are general in

nature, they tend to be overly complex because of numerous

S




and poorly defined variables. Some frequently require
input data which may not be available in the required time
frame or which may not meet required accuracy (3:8-10).
Others may be subject to statistical errors where statis-
tically determined cost estimating relationships are used
(19:1). These deficiencies must be considered when LCC
models are used as a basis for program decisions.

In addition to deficiencies in the models themselves,
problems exist in the implementation of life c¢ycle cost tech-
niques. "Much effort remains before 0&S costs can be measured
in a manner suitable for practical applications in acquisi-
tion and logistics management [11:4]." Figure 2.2 compares
this problem to an iceberg in which the majority of costs
are submerged, making them less apparent (2:p.1-36). 1In the
past, program managers have focused their attention on the
more visible procurement and R&D costs while neglecting the
less discernible 0&S costs (21:2).

This "iceberg" effect can be attributed to many fac-
tors. Current techniques for predicting and verifying O&S
costs are inadequate (9:viii). They usually address only a
portion of total O&S costs in that they deal with logistics
variables without considering performance variables. The
validity of model outputs is often suspect due to poor quality
and insufficient input data, especially during testing.
Additional difficulties may arise when the various nomencla-

tures used within different data systems are considered (4:11).
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Summary. Due to the current budget crunch within DOD,
increased emphasis has been placed on the concept of life
cycle costing. DOD Directive 5000.28 requires the establish-
ment of LCC objectives for weapon system acauisition programs.
In order to meet these objectives, LCC models must be devel-
oped and applied. For these models to be effective, they
should meet the primary requirements of completeness, sensi-
tivity, validity and availability of input data. Many of

the existing models, however, are deficient in one or more
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of these areas. Problems also exist in the implementation

of LCC techniques.

Justification

The Air Force Acquisition Logistics Division of the
Air Force Logistics Command (AFLC) is in the process of
developing a LCC model for the proposed Advanced Medium
Range Air-to-Air Missile (AMRAAM). A by-product of this
effort will be a general model applicable to all tactical
missiles. As the basis for this effort, Ogden Air Logistics
Center (0O-ALC) and Warner Robins Air Logistics Center
(WR-ALC) have provided the LCC models applicable to the
tactical missiles for which they are system managers (16).
These models exhibit many of the deficiencies in LCC models
discussed previously. Of particular concern is the weakness
in accurately estimating the depot overhaul cost of guidance
and control subsystems, which comprises a major portion of
operation and support costs (14). For example, a recent
cost estimate for the Low Cost Lightweight Missile (LCLM)
attributed approximately 45 percent of total annual 0O&S
costs to GCS depot overhaul (13:1). These existing models
do not predict GCS depot overhaul costs but rather require
an estimate of these costs as input data (16). 1In the past,
the estimate was calculated simply as a percentage of missile
acquisition cost; however, this estimating technique has

never been validated (14).

L
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Since existing models are dependent upon the accuracy
of the externally estimated overhaul cost, a valid and reli-

able cost estimating technique is required (14). AFLC/MAX,

which is responsible for maintenance planning within AFLC,
depends upon the Cost Analysis Division, AFLC/ACRC, for infor-

mation concerning depot overhaul costs (17). AFLC/ACRC, in

turn, relies upon the ALC having item management responsi-
bility for a particular subsystem for specific depot over-

haul cost estimates (8). As previously stated, WR-ALC, the

item manager for the majority of tactical missile guidance
and control subsystems, does not possess a reliable method

for forecasting the depot overhaul cost of these subsystems

during system development. A cost estimating relationship

model would provide a useful tool for forecasting tactical

missile GCS depot overhaul cost (14).

12
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Chapter 3
METHODOLOGY

The objectives of this research were twofold--to
identify the most important variables for determining the
cost of tactical missile GCS depot overhaul and to use these
variables to develop a cost estimating relationship model
for forecasting GCS depot overhaul cost. Both ot these
objectives were met by using the technique of multiple linear
regression (MLR) since it serves two primary functions.
First, MLR provides a statistical technique for analyzing
relationships between a single dependent variable and one or
more independent variables (15:321). Second, it provides
means for developing a mathematical model which can be used
to forecast the value of the dependent variable based on its
relationships with one or more independent or predictor
variables (18:391). Standard computer subprograms were used
to facilitate these analyses and to provide the information

required for evaluating their results.

Data Acquisition Plan

A prerequisite to performing a linear regression
analysis is the acquisition of data. Since this research
was concerned with obtaining a predictive capability during

system development, acquired data had to be of the type

13




which could be identified and obtained prior to system

deployment.

Population. The population from which a sample of missiles
was drawn consisted of all present and future anti~radiation,
infrared and semi-active radar tactical missile guidance

and control subsystems (GCS) managed by WR-ALC. Missiles

of these types currently in the Air Force inventory are the
AGM-45A/Bl shrike, AGM-78C/D Standard ARM, AIM-9B/E/J/J-1°
Sidewinder, AIM~7E2/3&F4/5/6/7 Sparrow, and AIM-4D-8/9&F/G
Falcon (23:1). Others in development or production include
the AMRAAM, LCLM, AGM-88 HARM, and AIM-9L Sidewinder (14).

The population included only the GCS associated with the

above missile types since the model was developed for WR-ALC

use.

T w————

Sample. The sample data used to construct the cost model

consisted of the GCS for the AGM-45, AIM-7, and AIM-9 series
missiles which had been depot overhauled between fiscal years
1974 and 1977. The AGM-78 series missiles were excluded

from the sample because no depot overhaul data was recorded
for this time period. The AIM-4 series missiles were
excluded from the sample since they are in the process of

being phased out and are repaired under a maintenance concept

1AGM - Air-to-Ground Missile.

2ATM - Air Intercept Missile.

14




which is not consistent with that of other tactical missiles
within the population. The specified time frame was selected
to facilitate data collection and to provide sufficient data

to achieve a representative sample.

Data description. The data collected in the sample were

depot overhaul costs, acquisition costs and numerical data
on selected physical characteristics. Depot overhaul costs
included the costs to overhaul either within the Air Force
at WR-ALC or OO-ALC or under contract with the Navy or
commercial contractors. All in-house and commercial over-
haul costs were obtained from the AFLC HO36B, DOD Cost and
Production Report. The Navy overhaul costs were obtained
from the WR-ALC tactical missile production manager and the
HO36B report, which included interservicing (Navy) depot
overhaul costs beginning with the FY7T report. 1t was
assumed that these reported costs were accurate and that
errors, if any, were random. Since these costs are actual
dollar amounts, they are ratio-level data. All costs werce
adjusted to constant FY 1977 dollars using a combined lnd;k
developed in Appendix A.

Acquisition costs included the latest purchase price
for each GCS in the sample, adjusted to constant FY 1977
dollars in accordance with the DOD Industry Purchases Index
found in Table A.1l, page 59. These costs were obtained from

the WR-ALC tactical missile system manager and are also

15




3 ratio-level data. Again, these costs were assumed to be

accurate.

Numerical data on selected physical characteristics
for each GCS included:

1. Number of subassemblies - the number of major
reparable components of a GCS, such as the target seeker,
amplifier, gyro drive assembly, servo, power supply and

guidance computer;
2. Weight - the weight in pounds of a complete GCSJ;
3. Length - the length in inches of a complete GCS;

4. Diameter - the diameter in inches of a GCS at

its largest point;

5. Volume - the volume in cubic inches of a complete

GCS;

i VG S

6. Type of guidance employed - either anti-radiation,
infrared or semi-active radar.
Performance characteristics data were classified and could
not be used in this research effort. All physical data were
obtained from the WR-ALC tactical missile technical manager.
All of these data are ratio-level data except for type of

guidance employed, which is nominal-level data.

i g v L e e DS

3A complete GCS includes all components performing ]
the GCS functions, whether or not separated by any other |
major missile component, e.g., warhead, but does not include i
that other component nor wings and fins/canards.

16




Developing the Model

The multiple linear regression technique, which was
used to develop the GCS depot overhaul cost forecasting
model, is detailed in Appendix B. The general form of a
MLR model is:

Yy = bg + byxy + boxy + . . . + byxy
where y is the dependent variable and x; through xy are the

independent variables.

Identification of variables. The dependent variable is GCS

depot overhaul cost, which is predicted by the model. 1In
formulating the model, e«ch observation of the cost data

was entered with the corresponding values of the independent
variables. The independent variables are acquisition cost,
number of subassemblies, weight, length, diameter, volume,
density and type of guidance employed. Density was not
input directly but rather was computed within the MLR pro-
gram (Density = Weight - Volume). Table 3.1 summarizes
information concerning these variables. Appendix C contains
all observed data and describes its conversion to the format
used for the MLR analysis.

Since the independent variable type of guidance
employed is nominal-level data, it required the use of
categorical variables, sometimes referred to as dummy vari-
ables. In the method of differences, which is the technique
by which nominal-level data is encoded in a MLR model, one

type or category is established as the base level. The

17
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remaining categories are then each defined by a categorical
variable (10:78). Two categorical variables were required
for this model since there are three categories of guidance
employed within the population: anti-radiation, infrared
and semi-active radar. Semi-active radar was used as the

base level since it had the fewest number of observations.

Model manipulation. The AFLC CREATE computer system was used

in the development and manipulation of the model. A time-
sharing file was established containing all observations of
the data under consideration (Figure C.1, page 77). The
multiple linear regression was accomplished under the
REGRESSION subprogram of the Statistical Package for the
Social Sciences (SPSS) system of computer programs using the

time-sharing CARDIN subsystem (15:320-367,373-383).

Model evaluation. The methodology described herein resultea

in a MLR model, which was the primary objective of this
research. For the MLR model to be utilized as a predictor
of GCS depot overhaul costs, it was necessary to evaluate it
in terms of its statistical significance. The first step in
this eﬁaluation was to calculate the coefficient of deter-
mination, which measures the relative efficiency with which
the independent variables can be used to forecast a value of
the dependent variable, GCS depot overhaul cost. The second
was to determine the significance of overall regression,

which indicates the level of confidence at which the model

19
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is statistically significant. The third step was to deter-
mine the statistical significance of each of the independent
variables in order to determine whether each variable should
remain in the model. This evaluation process is described

further in Appendix B.

Assumptions

Pertinent assumptions made for this research were as
follows:

1. The basic assumptions of MLR, as enumerated in
Appendix B were applicable.

2. All data were assumed to be accurate.

3. The labor/material breakout for AIM-9 depot over-
haul was representative of all missiles in the sample
(Appendix A).

4. The indices contained in Appendix A were repre-
sentative of the inflation experienced for missile acquisi-

tion and depot overhaul costs.

Limitations

Basic limitations on this research were as follows:

1. The population was limited to tactical missile
GCS managed by WR-ALC.

2. The independent variables were limited to those
for which data were unclassified.

3. The independent variables were limited to those

which can be quantified during system development.

20




Chapter 4

ANALYSIS

Selecting Individual Variables

The first objective of this research was to iden-
tify the most important variables which could be used for
determining the cost of tactical missile GCS depot overhaul.
The initial step in achieving this objective was to examine
the correlation coefficient of each independent variable with
respect to the dependent variable, depot overhaul cost (OHC).
Next, a linear regression was performed for OHC with each
independent variable. The residual plots and other infor-
mation gained from these regressions were then examined as
the final step in meeting the first objective and provided

the basis for further analysis.

Correlation. Table 4.1 lists the coefficients of correla-
tion between OHC and each of the independent variables. The
figures indicate that the highest correlations exist between
the dependent variable, OHC, and the four independent vari-
ables acquisition cost (AC), weight (WT), length (LH) and
volume (VO). Number of subassemblies (NS) and diameter (DI)
exhibited lesser correlations. For this reason and reasons
set forth in the following paragraph, the latter two vari-

ables were determined not to be important. Although its

21




correlation was low, density (DN) was subjected to further

analysis, as described later, and found to be an important
variable. The correlations for the individual categorical
variables, TGl and TG2, are meaningless since together they
represent a single independent variable and must be con-

sidered as such.

Table 4.1

OHC Correlation Coefficients

Independent Correlation
Variable Coefficient (R)

AC 0.82686

NS -0.71235

WT 0.82301

LH 0.83035

DI 0.55994

VO 0.81788

TGl -0.55994

TG2 -0.16001

DN -0.6672R

Type of Guidance Employed (TG). In order to determine the

relationship between OHC and TG, a linear regression of OHC
with TGl and TG2 was performed. The resultant correlation
coefficient was 0.86124. This coefficient, higher than any

other individual correlation coefficient, indicates the

22
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importance of this categorical variable for determining the
cost of GCS depot overhaul. It was found that TGl was
perfectly inversely correlated (R = -1.0) with DI. Also,
TG (TGl and TG2 in combination) exhibited a similar rela-
tionship with NS. When TGl and TG2 both equal zero (semi-
active radar), NS equals two; when TGl = 1 and TG2 = 0
(infrared), NS = 5; when TGl = 0 and TG2 = 1 (anti-
radiation), NS = 3. Therefore, when TGl and TG2 are used
in combination, they provide not only information on type of !

guidance but also information on number of subassemblies and

diameter as well, making the independent variables NS and DI

unnecessary.

Acquisition Cost (AC). A simple linear regression of OHC

with AC confirmed the importance of this independent variable.
The relative efficiency (Rz) was 0.68371, and was found to be
significant at a confidence level greater than 99.9 percent

(P, = 58.36 > F 13,631,

0 001:1,27 T

Weight (WT). 1In the simple linear regression of OHC with
WT, the relative efficiency was 0.67735, and was found to be
significant at a confidence level greater than 99.9 percent

(F, = 56.68 > F

0 = 13.61).

«801 51,27

Length (LH). Similarly, the simple linear regression of OHC

with LH indicated the significance of this independent

4See Appendix B for explanation of notation.
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variable. The relative efficiency was 0.68948, and was
found to be significant at a confidence level greater than

99.9 percent (Fo = 59.95 > F = 13.61).

.001;1,27

Volume (VO). A simple linear regression of OHC with VO
resulted in a relative efficiency of 0.66894. The relation-
ship was significant at a confidence level greater than

99.9 percent (Fn = 54.56 > F 13.61).

.001:1,27

Plots of standardized residuals. An examination of the plots

of standardized residuals associated with each of the vari-
ables AC, WT, LH and VO, Figures 4.1-4.4, gave no indication
that the basic assumptions of linear regression were vio-
lated. Appendix B provides information regarding the

examination of residual plots.

Density (DN). A simple linear regression of OHC with DN

produced a relative efficiency of 0.44527. An examination
of the plot of standardized residuals, Figure 4.5, revealed
that the basic linear regression assumption that the expec-
ted value of the error term for any given observation equals
zero was violated. It also revealed the possibility of a
curvilinear relationship. 1In order to explore this possi-
bility, a multiple linear regression of OHC with DN and DN
squared (DNS) was performed. This resulted in a relative
efficiency of 0.68472, and a corresponding correlation
coefficient of 0.82748 between OHC and the combination of

DN and DNS. The R2 value was significant at a confidence
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level greater than 99.9 percent (F0 = 28.23 > F.001:2,26 =
9.12). In the plot of standardized residuals, Figure 4.6,
when DN and DNS were used in combination, the individual

observations appeared to be randomly scattered.

Summary. Based on an analysis of correlation coefficients
and individual regressions, the independent variables listed
in Table 4.2 were identified as the most important variables
for determining the cost of tactical missile GCS depot over-
haul. These variables were the basis for developing the
cost estimating relationship model for forecasting GCS depot

overhaul costs, the second objective of this research.

Table 4.2

Important Variables

vl | GRpaies e

TG1l/TG2 0.86124 0.74174
LH 0.83035 0.68948

DN/DNS 0.82748 0.68472
AC 0.82686 0.68371
WT 0.82301 0.67735
VO 0.81788 0.66894

Combinations of Variables

To meet the second research objective, multiple

linear regressions were developed using various combinations

30

|
|
|
|

ol




sy = T ad TR - - e .
}
- o
2 *
~
* SE R
o
] *
b w
Z
o
=
Z
o
(=} L © m
o e
= s » [ a) iy
* & o~ m m. =)
& =
® - * N .m, 5
™ a N
= 3
L]
7 2
1 w
o
o
o
.
o~
]
o =) o ) o
@ . * . L]
o~ — o - o
1 !
T g g e g e e — e T | re—— - o = e =




of the independent variables previously determined to be

significant. The first combination of variables used was
Acquisition Cost and Type of Guidance Employed, since these
are the factors which have been used in the past to estimate
GCS depot overhaul cost. Other combinations were then used
to develop the best possible cost estimating relationship

model from the available data.

Acquisition Cost and Type of Guidance Employed. A multiple

linear regression of OHC with AC, TGl and TG2 was performed.
This regression called for the simultaneous %nclusion of the
three independent variables. The following MLR model was
developed:

OHC = 2,278.06853 + 0.02722AC
- 1,220.49163TG1 - 1,374.84410TG2.

The relative efficiency (R2) for this model was 0.84565. The

test for overall model significance showed that the model was

significant at a confidence level greater than 99.9 percent:
F

= 45.66 > F = 7.45.

0 .001;3,25
The simultaneous tests of significance of the individual
regressors showed that their coefficients were each signifi-

cantly different from zero at a confidence level greater

than 99.7 percent:

b(AC) Fo = 16.83 > F.003/3:1’25 = 13.88
b(TGl) Foy = 16.28 > F.003/3;1,25 = 13.88 %
b(TG2) Foy = 26.07 > F_003/3;1'25 = 13.88 :

g




An examination of the plot of standardized residuals,
Figure 4.7, gave no indication that the basic assumptions of

linear regression were violated.

Stepwise inclusion of all variables. A stepwise regression

of OHC with all independent variables except DNS was per-

formed. The regression brought in the six variables, LH,

AC, WT, VO, DN and TG2, in the order listed. After the

inclusion of WT, step number three, little improvement in

the model was achieved through the inclusion of additional
variables. VO, brought in on the fourth step, increased R2
by only .00156. Further, its coefficient was not signifi-
cant even at a 50 percent confidence level:

e o
The extremely low significance level of VO and the lower

&7

significance level of the remaining variables were due to
the intercorrelation among the independent variables, as
shown in Table 4.3. Consequently, the model as developed at
step three was subjected to further analysis. This model
was as follows:

OHC = -794.75599 + 134.90826LH + 0.04405AC - 54.63667WT.

An R2 value of 0.90121 was achieved by this model. The test

for overall model significance showed that it was significant
at a confidence level greater than 99.9 percent:

Fy = 76.02 > F_001;3'25
The simultaneous tests of significance of the individual

= 7.45.

regressors showed that their coefficients were each
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significantly different from zero at a confidence level

greater than 99.7 percent:

b(LH) Fo = 28.93 > F'003/3;1'25 = 13.88
b(AC) Fo = 53.55 > F.003/3;l,25 = 13.88
b(WT) F0 = 19.79 > F.003/3:1'25 = 13.88

An examination of the plot of standardized residuals, Figure
4.8, gave no indication that the basic assumptions of linear

regression were violated.

Stepwise inclusion of physical variables. A stepwise

regression was performed using only the independent variables
associated with physical characteristics of the GCS. These
included NS, WT, LH, DI, VO and DN. The regression brought
in all variables except NS, in the following order: LH, DN,
WT, VO, DI. Upon completion of the fifth and final step,

all variables included were significant at a confidence level
greater than 97.5 percent, as demonstrated by the simultan-

eous test of individual regressor significance:

b(LH) Fo = 13.60 > F.025/5;1,23 = 9.63 (97.5%)
b(DN) Fog = 11.58 > F.025/5;l,23 = 9.63 (97.5%)
b(WT) Fo = 20.27 > F.005/5;1'23 = 14.19 (99.5%)
b(VO) Fg = 16.49 > F.005/5;1,23 = 14.19 (99.5%)
b(DI) Foy = 15.14 > F.005/5;1'23 = 14.19 (99.5%)

The resultant model was as follows:

OHC = 34,393.21697 + 516.81280LH - 409,511.21783DN
+ 477.69390WT - 28.53265V0 - 3,646.93593DI.
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Residual Plot for LH/AC/WT
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L The R?

for this model was 0.86068, and the test for overall
model significance showed that the model was significant at
a confidence level greater than 99.9 percent:

Py = 20,42 > F ooj.%. 2%

An examination of the plot of standardized residuals, Figure

= 6.08. i

4.9, gave no indication that the basic assumptions of linear

regression were violated.

Stepwise inclusion of selected variables after forced

inclusion of categorical variables. A hierarchical type

regression was performed using OHC with all independent
variables except DNS. The regression forced the inclusion
of the categorical variables, TGl and TG2, on the initial

step, followed by the stepwise inclusion of the remaining

variables. This hierarchical method was used because of the
increased information provided by the inclusion of TGl and ‘
TG2 in combination. The stepwise regression brought in the

additional variables VO, LH, AC and DN, in the order listed.

After the inclusion of LH, step number three, little improve-
ment in the model was achieved through further iterations. |
AC, brought in on the fourth step, increased R2 by only
0.00036. Further, its coefficient was not significant even
at a 50 percent confidence level:

Fo = 0.08 < F‘5;1'23 = .47.
Due to the extremely low significance level of AC and the

lower significance level of DN, the model as developed at

step three was subjected to further analysis. This model
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o was as follows:

OHC = 16,148.20523 - 14,855.44389TG1
- 11,128.03253T7G2 - 5.92152v0 + 89.20825LH.

e S Ao i o s

e et

2 for this model was 0.90215, and the test for overall

The R
model significance showed that the model was significant at

a confidence level greater than 99.9 percent:

" e
SRR 0 MRS s L e RS

Py = 55,32 > F = 6.59.

0 .001;4,24

The simultaneous tests of significance of the individual

A

regressors showed that their coefficients were cach signifi-

2

:; cantly different from zero at a confidence level greater than

; 96 percent:

J b (r61) S T A0 X B e i gy 100 et |
? b(TGZ) FO = 49.50 > F'004/4;1'24 = 14.03 (99.6%)

é b(VO) FO = 37.70 > F.004/4;1'24 = 14.03 (99.6%)

| B By = 933 3 B gy o, =082 (96%)

An examination of the plot of standardized residuals, Figure
4.10, gave no indication that the basic assumptions of linear

¥ regression were violated.

Stepwise inclusion of selected variables after forced

inclusion of density variables. Several regression programs

were run forcing the inclusion of the variables DN and DNS

in combination. This technique was used because of the

previously determined curvilinear relationship between over-
haul cost and density. The best model obtained through this ﬁ
technique resulted when the variables DN and DNS were included

on the initial step, followed by the stepwise inclusion of
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all the remaining variables. The stepwise regression
brought in the additional variables AC, LH, WT and VO, in
the order listed. After the inclusion of AC, step number
two, little improvement in the model was achieved through
further iterations. LH, brought in on the third step,
increased R2 by only 0.00301. Further, its coefficient was
not significant at an 80 percent confidence level:

F, = 0.63 < P = 1.74.

0 .2;1,24
In addition, the inclusion of LH reduced the significance of
both DN and DNS to a confidence level below 50 percent

because LH was more highly correlated with OHC and because

of the intercorrelations between LH and both DN and DNS.

S ORI S il T U L S 3 v

Due to the low significance level of LH and its effect on

DN and DNS, as well as the lower significance level of WT |

:
i

and VO, the model as developed at step two was subjected to

further analysis. This model was as follows:

OHC = 11,948.00773 + 2,352,229.76527DN2

- 327,399.14858DN + 0.03390AC.

bt it il i b s s i

An R2 value of 0.88245 was achieved by this model. The
test for overall model significance showed that the model
was significant at a confidence level greater than 99.9
percent:

= 7.45.

F, = 62.56 > F

0 .001;:3,25
The simultaneous test of significance of the individual
regressors showed that their coefficients were each signifi-
cantly different from zero at a confidence level greater than

99.7 percent:
42
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b(DNS) Fo = 37.79 > F.OO3/3;],25 = 13.88
b(DN) FO = 40.23 > F.003/3;1'25 = 13.88
b(AC) Fo = 42.05 > F.003/3;1'25 = 13.88.

An examination of the plot of standardized residuals, Figure
4.11, gave no indication that the basic assumptions of
linear regression were violated.

In this and other programs which forced the inclu-
sion of DN and DNS in combination, the inclusion of variables
other than AC resulted in a substantial reduction in the
significance of DN and/or DNS within the model. This reduc-
tion was due to the high intercorrelation between density

and the other physical characteristics which were examined.

Summary. Five different models were developed from the
multiple linear regression analyses performed. These models,
along with their corresponding R2 and F values are listed in
Table 4.4. These models were subjected to further evalua-
tion to determine the best model (s) for forecasting GCS depot

overhaul cost.

Subjective Evaluation

The four primary requirements of life cycle cost
models listed in Chapter 2 are completeness, sensitivity,
validity and availability of input data. The last three are
also applicable to the cost estimating relationship model
developed herein. The first requirement, completeness, per-

tains only to cost accounting models, such as LCC models,
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which must consider all relevant cost elements. A cost
estimating relationship model addresses only a single cost

element, which in this case is GCS depot overhaul cost.

Sensitivity. A model must be sensitive to changes in design
variables so that differences in the overhaul costs of alter-
native GCS configurations will be apparent. The physical
variables in the models listed in Table 4.2, length, weight,
volume, diameter, density and type of guidance employed, are
all design variables which could logically impact on GCS
depot overhaul cost. The remaining variable contained in
the models, acquisition cost, can be considered a design
constraint, as in "design to cost." As opposed to that of
the design variables, the relationship of acquisition cost
to overhaul cost is indirect. When set at a specified
level, acquisition cost acts as a constraint upon the design
variables, both physical and performance, which in turn
affect overhaul cost.

Design variables concerning performance character-
istics were not used in the development of the mcdels.
Therefore, the sensitivity of these models to changes in
performance characteristics cannot be determined. Some
possibly important performance variables include maximum
lock-on range, guidance miss-distance, maximum "g" capa-
bility (maneuverability) and off-boresight capability. As
previously discussed, performance variables were excluded
from this research due to their classified nature.
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Validity. A model must be validated to be of practical use

in decision making. The models were validated statistically

but not empirically because all the available data were
required to develop the models. Although there were 29

| total data points, they represented only eight different GCS

configurations, as shown in Table C.l, page 70.

Availability of input data. A model can be useful only if

accurate input data is available. This requirement is

particularly important for the model developed herein

g g 3

because it is intended for use during missile system devel-
opment. Accurate data for the independent variables

included in the models listed in Table 4.4 can be readily

i T ey

<t

obtained during system development except for acquisition
cost. Acjuisition cost is difficult to project accurately
because it varies considerably with learning curve, pro-

i duction quantity, delivery schedule and the marketplace.
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Chapter 5

SUMMARY AND CONCLUSIONS

Summarz

The development of new air launched tactical guided
missiles is a continuing process within the U.S. Air Force.
Recently, increased emphasis has been placed on designing
systems for supportability due to the significant impact of
support costs on the total life cycle cost of the system.

One of the most important contributors to tactical missile
support costs is the cost of depot overhaul of guidance and
control subsystems. Despite its importance, depot overhaul
costs are not currently forecast by the operations and sup-
port cost model used by WR-ALC, the system manager for
tactical missiles. Instead, the model requires an externally
derived estimate of this cost as input data. However,
accurate estimating techniques have not been developed to
forecast the cost of tactical missile guidance and control
subsystems depot overhaul during system development.

In order to solve this problem, two objectives were
established. The first objective was to identify the most
important variables for determining the cost of tactical
missile GCS depot overhaul. The second objective was to use
the variables to develop a cost estimating relationship model

which could be used during tactical missile system development
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for forecasting GCS depot overhaul cost. Both of these
objectives were met by using the technique of multiple

linear regression with cost and design data obtained from

i the AFLC HO36B report and WR-ALC. Data consisted of overhaul
1 cost, acquisition cost, number of subassemblies, weight,
length, diameter, volume and type of guidance employed with

respect to the GCS for the AGM-45, AIM-7 and AIM-9 series

missiles. Performance data were omitted because of their

classified nature.

Conclusions

The analysis of the above data provided the infor-
mation needed to answer the two basic research questions:

1. What variables are important in determining the
cost of tactical missile GCS depot overhaul?

2. What cost estimating relationships would be

useful in forecasting GCS depot overhaul cost during tactical

missilg system development?

Research question #1. Based on the analysis of correlation

coefficients and regression models associated with individual
variables, the independent variables listed in Table 5.1
were identified as the most important of all the variables

considered for determining the cost of tactical missile GCS

é depot overhaul. The variable density exhibited a curvilinear

relationship with OHC, requiring the addition of a density

squared factor. These variables were the basis for developing
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the cost estimating relationship models required to answer

the second research question.

Table 5.1

Important Variables

oo R
Type of Guidance (TGl/TG2) 0.86124 0.74174
Length (LH) 0.83035 0.68948
Density (DN/DNS) 0.82748 0.68472
Acquisition Cost (AC) 0.82686 0.68371
Weight (WT) 0.82301 0.67735
Volume (VO) 0.81788 0.66894

Research question #2. The five models developed from the

multiple linear regression analyses are listed in Table 5.2.
The models were evaluated in terms of their relative efli-
ciency (Rz), overall significance (F), individual regreﬁsor
significance and standardized residual plots. Each model
had a relative efficiency in excess of 0.8 and was signifi-
cant at a confidence level greater than 99.9 percent. The
actual values for R2 and F are also contained in Table 5.2.
The individual regression coefficients (bi) within each
model were significant at a confidence level greater than 96

percent. Finally, the examination of each model's stand-

ardized residual plot, Figures 4.7-4.11, pages 34, 37, 39,
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41 and 44, gave no indication that the basic assumptions of
linear regression were violated.

In addition to these statistical evaluations, sub-
jective analyses were performed on each model with respect to
sensitivity, validity and availability of input data. The
models were found to be sensitive to physical design vari-
ables, but no determination could be made regarding their
sensitivity to performance design variables such as lock-on
range and guidance miss-distance.

Although the models were validated statistically, no
empirical validation was performed due to the limited number
of data observations. With regard to the availability of
input data, it was found that data for all independent
variables except acquisition cost could be accurately esti-
mated during missile system development. Accordingly,
acquisition cost was not considered to be a desirable pre-
dictor variable.

Based on the considerations given above, the follow-
ing model was determined to be the most useful in forecasting
GCS depot overhaul cost during tactical missile system
development:

OHC = 16,148.21 - 14,855.44T7Gl - 11,128.03TG2
- 5.92V0 + 89.21LH.

Three of the other models were eliminated because they each

contained acquisition cost as an independent variable. The

2

other model was eliminated because its R“ and F values were
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lower than those of the selected model, and an additional
design variable, weight, would have to be estimated. The
model selected requires estimates for only volume and length.
The values for TGl and TG2 do not require estimation since

type of guidance is known from the onset of tactical missile

system development.

Using the model. The selected model is intended to provide

an estimate of GCS depot overhaul cost to be used as input
data for the WR-ALC 0&S cost model for tactical missiles.
The following procedures apply when using the model:
1. Encode information pertaining to the type of
guidance employed.
a. If infrared, TGl = 1 and TG2 = 0.
b. If anti-radiation, TGl = 0 and TG2 = 1.
c. If semi-active radar, TGl = 0 and TG2 = 0.
2. Determine the length (LH) and volume (VO) in
inches of the GCS from design drawings or specifications.
These values should be based on external dimensions. The
GCS includes all components performing the guidance and con-
trol functions, whether or not separated by any other major
missile component, such as the warhead, but does not include
that component nor wings and fins/canards.

3. Enter values for TGl, TG2, LH and VO and compute

GCS overhaul cost (OHC).
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4. Convert computed OHC value to desired fiscal

year dollars with an appropriate index of projected infla-
tion.

The 49.4/50.6 percent breakout between labor and material
(as developed in Appendix A) can be used to establish a
combined index for this purpose.

These procedures can be demonstrated using as an
example the AIM-7F GCS, which was included in the sample
selected for this research. The AIM-7F GCS employs semi-
active radar guidance; therefore, TGl = 0 and TG2 = 0.
Based on Table C.7, page 76, LH = 67.5 and VO = 2926. Sub-
stituting these values into the model as follows:

OHC = 16,148.21 -~ 14,855.44(0) ~ 11,128.03(0)
= 5.92(2926) + 89.21(67.5);

the computed value for OHC is $4848 (in FY77 dollars).

This model enables its user to forecast GCS depot
overhaul cost with a few easily estimated physical parameters
and relatively simple computations. This procedure, however,
provides information which, when input into the WR-ALC cost
model, may account for as much as B0 percent of the tocal

annual 0&S cost associated with a tactical missile.

Recommendations. As previously mentioned, no empirical

validation was performed on this model. 1t is therefore
recommended that a validation study be conducted using

missile systems currently in development or initial
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production. Possible candidates for validation include
the AIM-7F and AIM-9L.

Although performance characteristics were excluded
from this research because of their classified nature, they
may be important in forecasting GCS depot overhaul cost.
Therefore, a classified study should be conducted to
determine which performance variables are important and to
expand the model accordingly. The expansion of the model
would entail additional regression analyses using the
variables identified by this research (Table 5.1, page 50)
along with the desired performance variables. Some possible
performance variables to consider are lock-on range, guid-
ance miss-distance, maximum "g" capability (maneuverability)

and off-boresight capability.
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APPENDIX A

INDEX DEVELOPMENT
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In order to perform the regression analyses it was
necessary to adjust all cost data, both acquisition and over-
haul costs, to a common base, which for this research was
FY 1977. This adjustment was based on the DOD indices con-
tained in the OASD (Comptroller) National Defense Budget
Estimates for FY 1977, from which Table A.l1 was extracted.

It was assumed that these indices were representative of the

inflation experienced for missile acquisition and depot over-
haul costs. The Industry Purchases Index shown in this table
was used to adjust acquisition cost data.

Depot overhaul costs included both labor and material
costs; consequently, a combined index was required. To
develop this index the overhaul cost data were analyzed to
determine the percentage breakout of civilian labor and
material costs. The only data for which this breakout was
available were the costs for overhaul conducted in-house on
AIM-9 missiles. It was assumed that this breakout was repre-
sentative of all missiles within the sample. The total
civilian labor costs and direct material costs for FY 1974-
FY 1977 for AIM-9 GCS in-house depot overhaul were $3,695,450
and $3,783,812, respectively. These costs represent a
breakout of 49.4 percent for labor and 50.6 percent for

materials.
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3 Table A.1l

DOD Indices
(Base Year: FY 1977 = 100)

s S e

- Composite Civil

ﬁ FY Industry Purchases Service Pay

|

§ 1965 49.6 47.4

: 1966 50.3 48.7 1

! 1967 51.5 50. 4

5 1968 53.3 52.3
1969 54.8 55.5

j 1970 57.6 61.7

" 1971 61.1 66.1

: 1972 63.3 70.8

’ 1973 66.0 74.7

g 1974 73.5 80.0

! 1975 86.2 86.6

; 1976 92.4 93.1

; 197T 96.9 96.3
1977 100.0 100.0

Source: National Defense Budget Estimates for
FY 1977, OASD (Comptroller)
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A combined index for each fiscal year was calculated
by multiplying the appropriate index number from Table A.1l
by its appropriate breakout percentage and summing these
weighted partial indices. The resultant combined indices

are contained in Table A.2 below.

Table A.2

Overhaul Cost Indices
(Base Year: FY 1977 = 100)

FY Index
1974 76.7
1975 86.4
1976 92.7
197T 96.6
1977 100.0
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Basic MLR

The basic multiple linear regression model is given

by:
Yi = Bo + lei,l + Bzxi'2 R TP kai,k + ei SO B 2l S R
where:

Yi = Value of the dependent variable in the ith
observation.

Bo'Bl'Bz" 5 .,Bk = Population regression parameters.

xi'j = Value in the ith observation of the jth inde-
pendent variable, j = 1,2,. . .,k.

@ = Random error term in the ith observation.

n = Number of sample observations (18:544).
The assumptions associated with the multiple linear regres-
sion model are:

1. The random error terms e, are uncorrelated.

2. The expected value of e, for the ith observation
is zero.

3. The variance of e, is constant for all observa-
tions.

4. The distribution of e; is normal.

5. The number of sample observations is greater than
the number of population regression parameters (k + 1).

6. The independent variables are linearly indepen-

dent.
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7. Observational errors are associated with the
dependent variable only (10:12,89).
The estimator of the population regression model is:

y = b0 + blx1 + b2x2 A A R bkxk

which in the least squares method5 is derived from the !

system of normal equations, which are defined by:

2
i) e (10:54,55) .
3b.

j

Model Development and Evaluation

The SPSS REGRESSION subprogram, which was used to
develop the model, offers the option of forward (stepwise)
inclusion. This option provides for the isolation of a
subset of the independent variables which yields an optimal
MLR equation containing the fewest possible terms. The order

in which independent variables are included in the equation

is determined by their respective contribution to the explan-
atory power of the model based on specified minimﬁm inclu- ,
sion criteria. The preset minimum criteria (default values) W
provided within the forward inclusion option were used in 1

order to obtain statistical information on a sufficient

5The least-squares method selects the regression
model which minimizes the sum of the squared deviations of
the actual values from thﬁ predicted values of the variable
of interest (minimizes 3e{). This method provides the best
linear unbiased estimate of the population regression
parameters (18:401-403).
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number of possibly significant variables (15:345-346). The
output of the SPSS REGRESSION subprogram includes not only
the MLR model itself but also the statistical information

required to evaluate it.

Coefficient of determination. The coefficient of deter-

mination (Rz) is a measure of the relative efficiency of the
MLR model. The SPSS forward inclusion option utilizes this
measure in determining the order in which independent vari-
ables are entered. It is defined by the following ratio:

2 _ explained variation (EV)

R
total variation (TV)

where:

2
2 (Zy;)

Ly: =

vV
i n

]

2

EV TV - Zef
i

I}

An R2 of 0.8 or greater signifies that a "strong" linear

relationship exists between the dependent and independent

variables (10:19,62-63).

Significance of overall regression. The significance of

the relative efficiency (Rz) of the MLR model can be deter-
mined utilizing the following hypothesis test:

HO: Bl = B2 = . . . = Bk = O

Hy: at least one Bj # 0 J 2 ddss o sk

The appropriate test statistic is given by the following:
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RZ /K
(1 =~ R)/(n =~ k = 1)

FO =

where: k = number of independent variables.

The test is conducted as a one-tailed test to the right:
reject H, if Fy > Fc;k,n-k—l where « is the level of signifi~
cance, 1 - « is the confidence level (10:65), k is the
numerator degrees of freedom and n - k - 1 is the denominator

degrees of freedom.

Significance of individual regressors. In addition to over-

all regression significance each independent variable can be
evaluated for the significance of its contribution to the

model. The appropriate hypothesis test is as follows:

Ho: Bj =0
HI: Bj #0
with test statistic:
b2
R
s
by

where S . is the estimator of the deviation of the regression
coefficient Bj from the regression of Y on all X. The test
may be conducted with variables in isolation or simultaneously.
The simultaneous test is conducted as a one-tailed test to

the right: reject HO if F0 > where

Fequivalent «;1,n-k-1
equivalent = = « * number of variables being tested simulta-

neously. In isolation, the test is conducted as a one-tailed
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test to the right:

(10:72-75) .

reject Ho if Fo > F

«;1,n-k~-1

Plot of standardized residuals. The plot of standardized

residuals is a scatterplot of the deviations of the observed

values from the predicted values of the dependent variable.

An examination of the overall pattern of the scatter gives

an indication of the extent to which the basic assumptions

of linear regression are met. Figure B.l depicts four basic

scatterplot patterns. Patterns b, ¢ and d indicate the

possibility that one or more assumptions have been violated.

In pattern b, the variance of the error terms is not constant

for all observations. In patterns ¢ and d, the error terms

are not uncorrelated and the expected values of the error

terms are not zero for all observations. Additionally, in

pattern d, the possibility of a curvilinear relationship

exists. Pattern a,

basic assumptions of linear regression have not been viclated

(15:341-342).

on the other hand, indicates that the
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Depot Overhaul Cost

Depot overhaul costs were obtained from both the
WR-ALC missile production manager and the HO36B report.
WR-ALC furnished unit overhaul costs (OHC) for the AIM-7E
and AGM-45 GCS for each of the fiscal years 1974-1977, as
contained in Table C.l1.

To provide a single data point for the AIM-7E for
each fiscal year, a weighted average6 was determined based
on the two depots. Table C.2 contains these weighted aver-
ages and their adjusted values based on the Overhaul Cost
Indices of Table A.2, page 60.

To provide a single point for the AGM-45 for each
fiscal year, a GCS depot overhaul unit cost was obtained by
summing the unit costs for each of the components. The GCS
depot overhaul unit costs and their adjusted values are set
forth in Table C.3.

The AIM-9 OHC data were obtained from the HO36B
report. A single data point for each fiscal year for each
of the AIM-9B, E and J series GCS was determined by calcu-

lating a weighted average OHC based on the total quantity

6The data sources did not provide the cost infor-
mation on an individual unit basis. Rather, cost data were
recorded for various lots of various quantities for a given
time period. Since SPSS regression treats each data point
equally, it was necessary to develop a representative cost
figure for each particular time period for each particular
missile. A weighted average approach was used for this purpose.
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Table C.1
WR-ALC OHC Data

AIM~T7E
Depot FY74 FY75 FY76 Fy772
Alanieda 2,332 2,768 2,900 3,420
Norfolk 2,209 2,548 2,798 3,350

AGM-45

(All Alameda Depot)

Component FY74 FY75 FY76 FY772
Guidance 940 1,141 953 1,085
Control _397 505 417 350

8pY77 includes FY7T.

70




¥ R NN G i 0 2 e
et e n

MR W Ao 5 2o

T

T

Table C.2

AIM-7E OHC Input Data

FY Weighted Adjusted
Average OHC OHC (FY 1977)
74 2,258 2,944
75 2,636 3,051
76 2,838 3,061
77 3,378 3,378
Table C.3
AGM-45 OHC Input Data
Adjusted
o o OHC (FY 1977)
74 1,337 1,743
75 1,646 1,905
76 1,370 1,477
/7 1,435 1,435




and cost of overhaul for each fiscal year. Table C.4 con-
tains these weighted average costs and their adjusted values.

The AIM-9J GCS were repaired both in-house and under commer-

cial contract. The first listed data points for FY 76 and

FY 7T are associated with commercial contract unit prices.

bl 2 5

Table C.4
AIM-9 OHC Input Data

Weighted Adjusted

Series 5¥ Average OHC OHC (FY 1977)
B 74 530 691
76 664 716
7T 624 646
77 434 434
E 74 649 846
75 703 814
76 1,298 1,400
T 1,097 1,135
29 2,043 2,043
J 74 934 1,217
75 1,046 1,210
76 2,044 2,204
76 1,581 1,704
77T 1,267 1,312
7T 1,299 1,345
77 1,283 1,283
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Beginning with FY 7T, the HO36B report contained ;

interservicing depot overhaul costs. These costs were
obtained for the AIM-7E, AIM-7F and AGM-45 and are set

forth in Table C.5 along with their adjusted values.

G s S L i 00 e 555 W AR

Table C.5

Additional OHC Input Data

) .

Adjusted

Missile FY OHC OHC (FY 1977)

s S e Sk gy

i) 1553

AIM-7E 77 2,768 2,768

AIM-7F2 77 4,836 4,836 :

|
|
4

AGM-45 77 1,047 1,047
T 1,180 1,221

77 1,011 1,011

aOnly one unit was repaired in
FY 7T at an adjusted OHC of $7,702. 1In
| order to avoid an overemphasis upon this
1 single unit, it was averaged with the 3
j units repaired in FY 77. 1

bThe first AGM-45 data point was
determined by summing the weighted averages of )
the MK36/MK49 guidance units and the weighted 3
average of the MK5-1/2 control units. The
second and third AGM-45 data points were deter- 1
mined by summing the weighted averages of the
MK24/MK25 guidance units and the weighted
average of the MK1/MK5 control units. This
distinction was required because the MKl control
' unit cannot be used with the MK36/MK49 guidance
j units.

e R

i




=

SR SN i

Acquisition Cost

Acquisition costs (AC) were the latest purchase price
for each GCS in the sample, adjusted to constant FY 1977
dollars in accordance with the Industry Purchases Index in

Table A.1, page 59. These cost data are set forth in

Table C.6.
Table C.6
Acquisition Cost Input Data
P Acquisition Adjusted
Misslile Completed (FY) AC AC (FY 1977)
AIM-7E 1971 16,984 27,797
AIM-7F Current 95,000 95,000
AIM-9B 1965 1,497 3,018
AIM-9E 1971 3,196 5,231
AIM-9J 1975 4,696 5,448
AGM-452 27,457
11,701
19,579

3For reasons outlined in footnote b to
Table C.5, the first two data points were determined
based on weighted averages of adjusted acquisition
costs of separate components. The third data point is
the average of the first two and was required for use
with the AGM-45 OHC data obtained from WR-ALC, since
these data did not differentiate between the two
configurations.
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Physical Characteristics

The physical characteristics and their associated
values are set forth in Table C.7. For reasons outlined in
footnotes to Tables C.5 and C.6, three different weights for
the AGM-45 were obtained, one for each configuration and an

average of the two. All other physical characteristics are

the same for both configurations.

Time-Sharing File

All data for depot overhaul cost, acquisition cost
and physical characteristics were entered on a time-sharing
file which is reproduced as Figure C.l. The data matrix
consists of 29 lines (data points) and ten columns. The
columns from left to right represent line number, depot over-
haul cost, acquisition cost, number of subassemblies, weight,
length, diameter, volume, categorical variable one and

categorical variable two.
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814
846
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1210
1217
1221
1283
1312
1345
1400
1435
1477
1704
1743

..1905.

2043

2204

2768
2944
3051
3061
3378
4836

3018 5 37,1 24,0
3018 S5 37,1 24,0
3018 5. 37,1 24,0
3018 5 37,1 24,0
5231 5 33,7 27,0
5231 5 33,7 27,0
11701 3 68,8 #0,0
27457 3 77,2 40,0
52315  33,7.27,0
5448 5 36,8 30,0
5448 5 36,8 30,0
11701 3 68,8 40,0
5448 5 36,8 30,0
5448 5 36,8 30,0
.5k48.5 36,8.30,0
5231 8 33,7 27,0
19579 3 73,0 40,0
19579 3 73,9 40,0
5048 5 36,8 30,0
19579 3 73,0 40,0
19579 3 73,0 40,0
5231 5 33,7 27,0
5448 5 36,8 30,0
27797 2 151,0 80,4
27797 2 151,0 80,4
27797 2 151,00 30,4
27797 2. 151,Q 8O, &
27797 2 151,0 80,4
95000 2 14142 67,5
Figure C.1
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