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ABSTRACT

Sapp, Richard Stephen. Ph.D., Purdue lniversity, Junc
1971. 7The Procurement Process and Program Cost Out-
comes: A Systems Approach. Major Professor: Ruddell
Reed, Jr.

A systems approach is used to view the process by
which the Department of Defensc acquires and modifics
its major wcapon systems. Attention is focused on the
program cost outcomes of this prccurement process. The
research seeks out the causes of why the final cost of

(:) 2 dJdefense program or contract differs from earlier esti-
mates.

The evolution of the term cost overrun into cost
growth 1s traced. Systems diagramming is uscd to de-

velop a model of the procurement process. The model

demonstrates the multiplicity of relationships affecting
defense programs. It also serves as a vehicle to relate
the myriad of proffered reasons to explain cost vari-
ances. Recent efforts to cxplain or predict cost out-
comes are classified info four approaches.

Cost growth is not endemic to weapon system acqGul-
sitions. The phenomena has occurred in Class IV and V

modification programs of the Air Foerce lLogistics Command.

‘_) Case wiztoaries of two active Class IV, aircraft




modification programs were compiled: C-130 Center Wing
Replacement and B-52 Stability Augmentation System In-
stallation. The research indicates that large modifica-
tion programs are microcosms of systems acquisitions

and incur cost growth for similar reasons. The research
also indicates the total modification program cost is

not fully recognized. A methodology for further investi-

gation is proposed.
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CHAPTER 1

INTRODUCTION

Objective of the Research

The objective of this research is to provide a
better understanding of the nature of the United States
Department of Defense procurement process for the acqui-
sition and modification of weapon systems. More specifi-
cally, the research is directed at determining the
causes of program cost outcomes, thercby cnabling recom-
mendations to be developed in an effort to reduce or
minimize unwarranted program cost growths. The objective
of this research is to be attained in part by using the

systems approach.

Scone g{ the Invcstigaticn

The research effort is concentrated on the Air
Force Logistics Command modification program for aircrafe.
However, since all the Military Services of the Depart-
ment of Defensec operate under the same procurement pol-
icy, and since r'ny United States Air Force procurement
procedures are applicable intracommand, ths research may

extend beyond these bounds. Generalizations can be made




and conclusions drawn which indicate implications beyond
the aircraft modification program of the Air Force Logis-

tics Command.

Organization g£ the Thesis

This thesis is organized according to the three
phases of the methodology of engineering design: araly-
sis, synthesis, and evaluation. In the chapters titled
Background and Process Analysis, the problem is formu-
lated and necessary background information provided.

The method used to analyze Air Force Logistics Command
modification programs is also described. In the chap-
ter titled Process Synthesis, graphical and mathemati-
cal models ave constructed and examined to gain insight
into the nature of the procurement process and result-
ant cost outcomes. The evaluation phasc of this thesis
encompasses the last two chapters, Process Evaluation
and Closure. 1In Process Evaluation a classification
scheme of causal factors and a format for use in future
investigation is proposed. Closure summarizes the re-
sults gleaned through this research.

The Appendices were designed with the reader in
mind. A Glosszry of Terms is included, then two case
histories of sircraft modification programs are pre-
sented. The detailed histories, which were painstaking-

ly gathered and pieced together, are placed in the




Appendices. Their placement should facilitate reading
of the main body of the thesis, yet aid in under.tanding
modification program details. Appendix D relates some
'lessons learned' and offers guidelines for those con-

templating doing research in defense procurement.

C




CHAPTER I1
BACKGROUND

In this chapter background material will be pre-
sented. The specific problem being addressed and its
significance are discussed. The general f.amework of
the Department of Defense (DOD) procurement process is
des..ibed, and the part played in this process by the
Air Force Logistics Command (AFLC) presented. Sections
on the need for this research and the cost growth phe-
nomena conclude the chapter.

As stated in the Introduction, the problem this
research addresses is the determination of the causes
of defense program cost outcomes. To solve this prob-
lem requires some understanding of the procurement pro-
cess; its structure, relationships and cperation. If
the process is understood, meaningful and effective rec-
ommendations should be forthcoming. These recommenda-
tions may aid to eliminate or reduce unfavorable pro-
gram cost ocutrcomes, communly, and often erroneously, re-
ferred to as cost overruns. The desired aim of this re-
search is to provide persons in fGovernment and Industry,

as well as the general putlic, greater insight into the




defense procurement process, so that intelligent and

i meaningful policies and procedures can be promulgated.
The terms ‘'procurement’ and 'procurement process'

will be used frequently. They will refer to the pro-

cess by which the Government, and in particular the De-
partment of Defense, obtains supplies and services from

commercial or industrial sources. The Armed Services

Procurement Regulation (ASPR) (1) defines procurement

as.

The purchasing, renting, leasing, or otherwise
obtaining supplies or services. It also in-
cludes all functions that pertain to the ob-
taining of supplies and services, including
description but not determination of require-

. ments, selection and solicitation of sources,

i:} preparation and award of contract, and all
phases of contract administration.

This and other significant terms used in this disserta-

tion are listed in the Glossary of Terms, Appendix A.

The Procurement Process

Agencies of the Government, such as the Military

E Departmeats, have only that authority to act which Con-
gress or the President chooses to delegate. The author-
ity delegated to the Armed Services has been codified

by Congress into Title 10 of the United States Code.

Chapter 137 of Title 10 contains the procurement author-
ity for the Armed Services. Executive Orders, Decisions

- of the Comptroller General, and rulings by the Armed

r 
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Services Board of Contract Appeals and Federal Courts‘
also bear on, DOD procurencnt activities and shape its
course. | j

The detailed written gu1dance and 1nstructxons

for hxlxtary procurelent are to be found in a number of

publxcatlons. The Armed Servxces Procurenent Reggla-
tion (ASPR) 15 issued by the Assistagnt Secretary of De-
fensei(lnstallatiqns‘and Logistics) and congains Defense
Department policies and ﬁrocedures to be cqnplied,with”

. . i !
by all the Military Departménts, Defense Procurement

JCircularsdisseminatéspécial detailed procurement infor- -

mation and serve as a bridge between revisions of ASPR.
i
‘The Air Force implements the ASPR and establlshes uni-

form procedures and 1nstruct10ns through the USAF ASPR

‘Supplements. In add1t1qn, manuals, regulat1ons; pamph-

lets, letters‘and'operating instructions are published‘

. by Air Force and its majbr commands and subcommands to

provide further supplemental guidance and instruction.
These publications prescrlbe procurement lethods and pro-,
cedures for supplxes and services, ‘

The procurenent decxslons of what and how many to
buy,‘ma1nta1n and mod1fy, spread downward from;the high-

est levels of the Executive snd Legislative Branches of

the Government to Military Departments, commands and

subcommands, based on domestic and foreign policy deci-

sions, national objectives and security considerations.
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These policy decisions are subject to annual review and

revision by virtue of the authorization and appropria-
tion ﬁroéess;for the Department of Defense “DOD) budget.
The differencés in opinibn on policy and security are

brought’intu sharp focus by the allocations of money to

- support the pfobosed military force structures; struc-

tures which must effectively and e€ficiently serve as
an instrument of}national policy. The allocated monies
willidecide how many of a particular system may be
dought, maintained, modified and/or operated.

The Department of fhe Air Force is one of three

military departments of the Department of Defense and

is comprised of a number of major commands, separate

‘opefating agencies and staff organizations. The pro-

curement process for the acquisition and support of Air
Fofcé sysfems is the responsibility of two major Air

Force commaﬁds: the Air Force Systems Command (AFSC),
with headquarters at Andrews AFB, Maryland; and the Air
Force Logistics Cémmand (AFLC), with headquarters at
Wright-Phtterson AFB, Ohio.' The chain of command for
these organizations to DOD is through leadquarters,

United States Air Force (HQ USAF) located at the Pentagon,
Hashington, D.C. Basically, AFSC is responsible for the

research, development and acquisition of Air Force sys-

. tems and equipment; AFLC is charged with the responsibil-

ity of supporting, maintaining and modifying these




systems and equipment during their operational phase in
the Air Force inventory.

The mission of AFLC is accomplished through an
organization consisting of five Air Materiel Areas (AMA),
two Procurement Regioas and other operating agencies.

The logistics support management responsibilities for Air
rcrce resources are assigned among the five AMAs which
are located at San Antonio, Texas; Sacramento, California;
Oklahoma City, Oklahoma; Warner-Robins, Georgia; and
Ogden, Utah. Resource assignment is made on a system or
equipment basis. As an example, for aircraft systenms,
the C-5 is assigned to San Antonio (SAAMA), the F-105 to
Sacramento (SMAMA), the B-52 to Oklahoma City (OCAMA),
the C-141 to Warner-Robins (WNRAMA) and the F-4 to Ogden
(OOAMA). Common equipment items, such as instruments,
engines and landing gear components are distributed in a
similar fashion,

A more complete description of defense procurement
and Air Force procurement may be found in Congressional
hearings to establish a Commission on Government Procure-
mert. (2)(3)

Distinction is made in AFLC between modernization
and maintenance programs for systems and equipment. The
systems and equipment are divided among three basic cate-
gories: aircraft, missiles and others. In both cases

the separation is directly identifiable to the budget and




funding process. The Mazintenance Program prepared by

AFLC schedules contractor or depot level maintenance

and modification for aircraft/missile/ground equipment

not in the Modernization Program. All modification

labor, maintenance labor, and locally purchascd materi-

als are funded from the Air Force operation and main-

tenance (O§M) budget program. (4) The Modernization

Program prepared by AFLC/AFSC and dirccted by HQ USAF

modernizes a specific system or equipment item. The

program is accomplished with modification funds. (4)(5)
Simply defined, a modification is a change in the

physical configuration or in the functional characteris-

tics of a system or equipment. Five modification classcs

(_) have been established, each with a specified lcvel of

nansgement as the approving authority. Classes |

, 11
: and III are either temporary and necessary to accomplish

a special mission or purpose, or are not applicable to

operational systems and equipment. (Class 1V modifica-

tions are made to (1) insure safety of personnel, sys-
tems or equipment, (2) correct equipment deficiencies,

or (3) improve logistic support. Class V modifications

provide a new or improved operational capability to the
g system or equipment. (6) A Class IV modification re-

Quires HQ AFLC approval. However, if a Class IV modifi-

cation has a projected cost of five million dollars or

more in any single year, it must also be approved by

- HQ USAF. HQ USAF must approve all Class V modifications.
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The research in this thesis; is directed at Class
1V modification programs on aircraft which required
HQ USAF approval. These modifications are part of the

AFLC Modernization Program for aircraft.

Significance of the Problem

There are a number of significant reasons for con-
ducting research on this problem; two are presented.
First, natioual objectives and the domestic and foreign
policies adopted by the United States Government are pred-
1icated in part on the ability of the Government to call
upon specified military forces when required. An un-
favorable cost outcome, on one or more DOD programs, re-
sults in a reprogramming of funds. It can also result
in cancellation of programs, cutbacks in production
schedules and require further reiiance on aging weapons
and equipment. (7:7)' The ability of the Government to
carry out its policies is thereby weakened. Funds used
by DOD for weapon system procurement in excess of that
required to support Government policy are unavailable
for other purposes and programs, domestic or foreign.
Second, because of the significant dollar a2mounts in-
volved in military research, development, procurement,

operation and maintenance, any improvement which offers

*The first number refers to the bitliography list-
ing; the second to the specific page.




a small percentage increase in efficiency portends a po-

tentially large dollar savings. Maintenance, modifica-
tion and modernization programs do not exhibit the glamor
nor significant dollar figures of a C-5A or F-111 pro-
gram, bur the similarity in nature of the procurement
process and its detailed activities is striking. The
individual program and annual aggregate dollar amounts
involved are not to be taken lightly either.

One concluding thought on the significance of this
research is in order. The military-industrial complex
is not the evil spectre the mas. communications media
has portrayed it to be. Neither is it a perfect blend-
ing of industry and Government; many shades of gray ex-
ist. Hopefully, this rescsrch can stimulate further
understanding and research; research which is objective
and scientific in nature. Research can lead to an even
better procurement process. The result will be a more
effective and efficient Government and silitary organi-
zation, both as viewed from the United States and

abroad.

The Need for Research

The General Accounting Office believes that
one of the most important causes for cost
growth is starting the acquisition of a weapon
systea before it has been adequately demon-
strated that there is reasonable expectation
of successful development. (8:2)




Secretary of Defense Laird said, 'The largest
single cause of cost growth is over optimism
in original cost estimates.' (7:79)

An industry representative states, '. . . many

, of the recent and highly publicized overruns

3 are rooted in a basic flaw in government policy.
' Specifically, the Government does not recognize
the softness of the technologies used in these
systems, and tries to award and administer con-
tracts as though the technology wcre well in

hand and no unexpected problems could possibly
crop up.' (9:119)

. politicsl winds as much as military deci-
sions affect this process very much . . .' and
‘the political-economical position' were some

of the reasons advanced by an industrial re-

search journal. (10:35)

This diversity of =xpert opinion on the causes of

program cost outcomes was in part responsible for the

undertaking of this research. The need for research on
this problem was verified by the following statements

from publications of the RAND Corporation and the Gen-

eral Accounting Office, two of the more knowledgeable

groups on defense procurement affairs:

The research indicates the need for continuing
efforts to control the cost, schedule and
article performance outcomes of programs and
for better understanding of the causes for pro-
gram growth., (ll:Abstract)

The scope of our review did not permit a com-
plete identificatiori of fundamental causes of
cost growth. The work we did accomplish, how-
ever, convinced us that the data brought to
light through the SAR we reviewed were insuffi-

cient to provide DOD with precise causes for
this cost growth. (8:22)
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The need for research in AFLC on this problem was

in part generated by Mr. Solomon Arnovitz, Chairman,
Office of the Procurement Committee, HQ AFLC. His be-
lief in improving the AFLC procurement process through
independent, objective research led to permission and
sponsorship of this work in the Air Force Logistics Com-
nlnd; He too, was seeking an answer to the question
"What causes cost overruns?" AFLC interest centered on
large dollar value modification/modernization programs.
A cursory review of the available literature on this
quastion indicated some conflicted, some complemented
and some duplicated. Some conclusions seemed incorrect;
others accurate only in part. As a total picture, it
presented a confusing scene to the manager or person
making daily decisicns on procurement matters.

The urgency of this need for further research has
been accentuated by continuing cutbacks in military
spending, particularly defense procurement. The effect
of the continuing budget constraints, when combined with
the increasing costs of new weapon systcas, has been two-
fold: (1) a reduction in the size of the active aircraft/
missile inventory, and (2) tighter budgetary controls on
all programs. Thus, in coming years greater reliance
will be placed on modernizing and upgrading existing svs-
tems, especially if cost overruns of any magnitude occur

in the procurement of new systems. Also, with strict




allocation and budgeting of dollars for the selected

modification programs, cost growths and overruns in one
can only trigger a cascade effect in the others as money

must be continually reprogrammed.

On the Cost Growth Phenomena

The outcome of a defense program or contract is

the effectiveness of the program or contract in attain-

ing its intended technical, schedule and cost objectives.

This work concentrates on the cost outcome, for as will
be shown later, cost may be described as a function of
technical performance and schedule. This research seeks
to understand and explain why 2 cost estimate increases
or 'grows' over time, why some programs do not incur a
cost growth, or even why the final cczt may be less than

the earliest initial estimate.
Evolution and Definition

Cost growth is the subject matter of this resesrch
and a precise definition is required. The literature
and communications media are not precise. The terms:
contract growth, contract overrun, cost over:un, cost
increase, cost growth, cost estimate gruwth, program
cost growth, price increasc and miscellaneous others are

often uscd interchangeably. The misuse of terms and

lack of standardization has led to misunderstandings

il




and communication difficulties, as well as making com-

parisons of available rescarch work and studies difficult.
For example, the works of Belden (12) and Fisher (13) on
incentive contracting are not directly comparable because
of different definitions of the term 'Overrun ' (12:93);
while Lorette (14) shuns the use of the term overrun,
building a case instead for 'cost estimate growth.'
Internal Air Force studies have not been consistent
either, thereby further adding to the confusion, especi-
ally among the working personnel. Definitions used in
four Air Force studies, which will be referred to later,
are stated to exemplify what constitutes a large part of

the problem, lack of clear communications.

From a study performed by the Comptroller of the Air
Force (15):

Contract Cost Growth - The difference between
the original target price of the contract and
the actual (or estimated) price of the contract
at completion. For the purpose of this report,
the target price of the initial definitized
contract is used as the baseline for measuring
cost growth,

Contract Cost Overrun - The differsnce tetween
the actual price of the contract at coxpletion
and the target price as adjusted from the
original target price.

From a study performed by DCS/Svstems and Logistics,

Ho USAF (16):

Program Cost Overrun - A condition whereby the
original estimated program costs are exceeded
and the submission of a revised Form 440 (Class
V Modificetion Feasibility Study) is necessi-
tated.
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Contract Cost Overrun - A condition which exists
on cost reimbursement type contracts whereby

the contractor is unable to complete the work
covered in the contract within the estimated
amount shown on the contract.

Fror a later DCS/Systems and Logistics, HQ USAF, study (17):

Contract Cost Overrun - A condition which exists
on cost reimbursement type contracts whereby

the contractor is unabie to complete the werk
covered in the contract within the estimated
amouint shown on the contract.

Over Target Cost - A term opplied to fixed price
incentive contracts. It occurs when the final
contract cost (price} exceeds the "farget Price"
specified in the contract.

Program Overrun - When th= expenditures for a
program exceed the total dollars authorized for
a specific program which in turn affects the
budget.

Cost Growth - This represents two types of cost
which are not a contract overrun or over target
cost but does impact the final contract (or pro-
gram) cost to the Government, These are:

(1) Negotiated adjustments (including termina-
tion) made to the basic contract cost because
of a change in scope of work.

(2) Adjustments made, if proviaed for in the
contrect, for abnormal fluctuations in the econ-
omy, changes in law impacts, and formula adjust-
ments . .

From a HQ AFLC letter (18) summarizing an internal study
on aodification cost estimates (19):

A cost overrun is the inabili.y of a contractor
to perform cost or incentive type contractual
arrangements at aa established price. Cest

rowth however, is attributable to agreed upon
changes, additions or re-design of originai
equipment.
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It must be noted that these studies were conducted in a
time period when '"cost overruns' were receiving national

attention, and uniform, standardized definitions were

non-existent.

The phrase 'cost overrun' has been used for many
years by Federal procurement personnel. In the last few
years, and in particular since the 1968-1969 Congres-

sional hearings on The Economics of Military Procurement

(20), considerable public attention has been focused on
this phrase. Because of the intense public scrutiny, its
shortcbmings were highlighted and the need for a more de-
scriptive and accurate phrase recognized. The new phrase
used by DOD is 'cost growth.'

Evolution of the term cost overrun into cost growth
is traced by Mehl (21) through 1969. By this time an Ad
Hoc Committee to more adequately define the term 'cost
overrun' had been established by the Assistant Secretary
of Defense (Installations § Logistics). By October 28,
1969 the committee had developed the term 'cost growth'
and structured a set of nine related definitions, called
cost growth change categories. The new definitions were
distributed to the various agengies of DOD under a cover
letter from Deputy Defense Secretary Packard on November
26, 1969. (21:10) The definition of 'cost growth' as it

appeared in this memorandum was:




Cost Growth is a term related to ‘the net change
of an estimate or actual amount over a base fig-
ure previously established. The base must be
relatable to a program, project or contract and
be clearly identified including source, approval
authority, specific items included, specific
assumptions made, date and amount. The events
. causing "Cost Growth' must then be explained by

i one or more of the following categories and the
appropriate amount of each shown as ‘'estimated’
or ‘'actual.’' .

t

'The nine categories set forth in the memorandum were:

f ’ ) . { !
; ‘

System Performance Change
Engineering Change (Not Af’ectlhg Performance)
Quantity .Change o
Contract Added Support (
. Schedule Change
Unpredictable Change
Economic Change
Estimating Change ‘ i
Contractual Price AdJustmént - 1

WO E LN

These nine categor1es w1th ehexr same definitions ap-

, peared in Enclosure 1 to Department of Defense Instruc-

'tlon (DODI) 7000 3 December 19 1969. ‘Program cost

variance analy51s for the Selected Acquisition Reﬁorts

(SAR) was ‘to "be explained in terms of" these eafe-

sgdrics (22'6-7)

Based on experxences gained in us1ng these def1n1-
txons to accompllsh the Selected Acquisition Reports,

changes were formulated. By June 22, 1970 new defini-

1
!

ftxons of cost growth and the categories had been estaU'
:llshed.' These deflnlt;ona were Issued'as a: attachment

to a Memorandum from Deputy Secretary‘of Defense Packard
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on August 5, 1970. (23) The new definition of cos:

. ; growth was:

!
'
'

Cost Growth is the net change of an estimated
or actual amount from a base figure previously
established. The base must be relatable to a
program, project, or contract and be clearly
identified including source, approval authority,
specific items included, specific assumptions
made, date and amount. The events causing
'Cost Growth' must then be identified by one or
more of the following categories and the appro-
priate amount of each shown as 'estimated' or
'actual.' These categories do not necessarily
determine whether the cost growth could have
been avoided by the Government or contractor

or both.' They provide the essential visibil-
ity and information required to determine the
cause of the cost growth.

Other than‘ninor word chang?s in the first sentence, the
‘{:) J l‘s oniy chqngé was to add two qualifying sentences. Changes
were ‘also nade}"to improve the clarity of the categori-
zatioﬁ af the reaéons“for cost growth.'" (23) There were
still nine categories, but they were not the same. The

‘new change categories were:

Engineering Change

Quantity Change

Sugport Change

Schedule Change

Unpredictable Change

Economic Change

Estimating Change

Contract Performance Incentive
Contract Cost Overrun (inderrun)

L

O ~3NUI &t BN =

e e & o o o o

, The categories and their definitions as stated in the
memorandum are identical, except for Cost Overrun (Under-

- , run) which is more detailed, to thcse used to classify




cost variance analysis in the revised DODI 7000.3, Enclo-
sure 1, of June 12, 1970. (24:7) The definition of

these terms may be found in Appendix A under Cost Growth
Categories.

The importance of the definitions and categories
is made clear by recalling the confusion which existed
before their publication, and by the following quotes
from the Packard Memorandum (23):

This definition for 'cost growth' or 'cost de-

crease' will be used when necessary to explain

programs, budgets or contracts. . . . It is ex-
pected that this 'cost growth' definition will

be used whenever appropriate in management re-

porting, testimony, official correspondence or

speeches, to explain instances of cost growth.

Much effort, thought and coordination went into
the above definitions. They are also ‘official' defini-
tions. Therefore, these latest definitions will be used
or referred to in the remainder of this research. Con-
cerning these definitions and instructions, two critical
notes will be made. First, although 'cost growth' may
be a descriptive and appropriate phrase for some pro-
grams, projects or contracts, the term does carry a
stigma. Unfortunately, one is prepared for only cost
growths. Perhaps the term 'cost variance" or 'cost out-
come' would have been better. Second, and the more sig-
nificant comment, is that the nine categories are not
‘causes' of cost growth. This comment is discussed at

length in the next subsection.
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Causes or Categories

The absence of official definitions for cost over-
run created a void which led to confusion and misunder-
standing. A similar event appears to be occurring now
with the 'causes®’ of cost growth. The nine cost growth
categories are frequently being referred to as the causes
of cost growth. This is not surprising if an examina-
tion is made of some official correspondence on the sub-

ject.

From the definition of 'cost growth' (23):

The events causing cost growth must then be

explained by one or more of the following

categories and .

From the definition of 'cost overrun' (24:9),
(Appendix A):

. « « but not attributable to any other

cause of cost growth as previously defined.

The nine cost growth categories are just that;
categories and not causes. Webster defines 'cause' as,
"a person, thing, fact or condition that brings about
an effect or that produces¢ or calls forth a resultant
action of state.' (25:356) Although one can argue that
these categories fit this definition, they are not first
causes. It is toward first causes that one must work to

remedy any deficiency.




For example, cost estimates were received and pro-
curemont action started for the modification of 400 USAF
C-130 aircraft (Appendix B). Two years later the quan-
tity to be modified was increased to 460 aircraft. The
categorization of the cost growth can be 'Quantity
Change,' but it is not the .cause. The question that
needs to be asked is, "What caused the quantity to be
increased that amount at that time?" The cause of the
cost increase could be that subsequent engineering tests
showved other model aircraft would experience the same
problem and thercfore need the modification also; or,
that inclusion of 60 additional, newer model aircraft
initially could jeopordize commencement of the modifica-
tion program because of funds availability or the addi-
tional justification required.

The danger, in treating categories as causes, is
the misunderstanding that can result, as well as the pos-
sible misdirection and misapplication of resources to
correct past mistakes or avoid future cost growths. The
value of the cost change categories and their defini-
tions lies in their official structure and serves as a

base for getting to root causes.
Studies and Data

The weapon system research, development and acqui-

sition process has been the subject of numerous articles,
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speeches, studies, investigations, hearings and books

in recent years. In fact, this vast amount of litera-
ture: some good, some bad, some factual, some biased
and some opinicnated, has merely served to heap confu-
sion ontc an already complex, interrelated process.

Nith the exception of the work of Peck and Scherer (26),
the majority of publications on the acquisition process
has dealt with selected facets of defense procurement,
such as contract types, price estimating techniques or
profit policies.

The problem of cost growth and overruns is aneither
new nor peculiar to the military. (27:2) Yet, only
recently have studies concentrated on understanding the
‘whys' of program and contract outcomes. Some of the
early, more quotable studies were by Marshall and
Meckling (28), Peck and Scherer (26), and Summers (29);
later works of note were by Marschak (30), Lorette (14),
Perry, et al. (11), the Air Force Comptroller (15), and
the AFSC Directorate of Procurement Support (31).
Through the SARs (24), additional information on out-
comes is being compiled for DOD data banks. Other
studies and data sources are also available. Reference
Appendix D.

A1l these referenced studies have a number of fea-
tures in common. All relate to the research, develop-

ment and/or production of new major Air Force weapon
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systems, All discuss in some fashion contract or pro-
gram outcones. All offer fhoughts. suggestions or rec-
ommendations for improvement of the process. Each has
added to or complemented the other. To summarize the

review of literature available on this topic:

1. Research efforts have focused on major weapon
systems development and acquisition.

2. Many of the major characteristics, factors
and difficulties associated with the weapon system acqui-
sition process have been isolated and discussed for
years.

3. Extreme care must be exerted when referring to
or compering these studies, their results and recommenda-
tions because of differences in assumptions, definitions,

data bases and adjustments,.

From this initial literature review three items ap-
pearcd quite striking: first, the lack <¢ general re-
search, studies and data on procurement outcomes dealing
with large modification programs; second, the similarity
in the process between acquiring major new systems and
performing major modifications on existing systems; and
third, the lack of the system approach to procurement

improvyements.




CHAPTER 111

PROCESS ANALYSIS

Anyone who thinks he completely
understands the situation simply
does not know all the facts.

Anonymous

This chapter discusses the search for literature
and data relating to cost growths on AFLC modification
programs and the results of this search. It also de-
scribes the 'why and how' of the two modification pro-
graam case histories which appear as Appendices B and C
to this thesis. Permission and sponsorship of this re-
search was through HQ AFLC, DCS/Procurement, Brigadier
General A. J. Dreiseszun and Ar. Solomon Arnovitz.
Visits were made to HQ AFLC at Wright-Patterson AFB,
Ohio to obtain information and data throughout 1970.
Visits were 2lso made to the Warner-Robins Air Materiel
Areaz (WRAMA), Georgia and to the Oklahoma City Air
Nateriel Area (OCAMA), Oklahoma in this same time period

to gather data for the case histories.

Literature and Data Search

A comprehensive search for data and studies re-

lated in any fashion to cost growth on modification




programs and their associsted contracts was conducted.

At HQ AFLC, WRAMA and OCAMA personnel at varying levels
of responsibility in the Comptroller, Materiel Manage-

Kent, ana Procurement and Production organizstions were
cueried to ascertain if any such information was avail-

able. The search yielded the following results:

1. Four internal Air Force studies had been con-
ducted: three (16)(17)(i19) were noted earlier in the
subsection, Cost Growth-Evolution and Definition, the
fourth was a special case study of the C-119 Gunship,
Class V Modification Program.

2. No deta bank existed at HQ AFLC for completed
contracts similar to the AFSC Contractor Performance
Evaluation Program from which AFSC drew data for its
study (31:1); detailed contractual data and summaries
were only available at the AMA.

3. The amount of documented program information
at HQ AFLC was limited and usually reflected only the
present or near present porogram posture. Detailed tracks
of cost, schedule and performance could be found only at
the responsible AMA,

4. A reexamination of the open literature empha-
sizing maintenance and modifications uncovered three re-

lated RAND reports (32)(33)(34).

An expansion of these findings is necessary before

implications can be drawn. The internsl Air Force
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studies covered a wide range of topics. The original
DCS/SQL study (16) examined four Class V Modification
Programs, two each from AFLC and AFSC, which had ex-
ceeded original cost estimates. The twc AFLC programs
‘'ere the C-119G/K Gunship (WRAMA) and the SEAOR-SS
(SMAMA) . The expressed purpose of this study was 'to
determine the reasons for these program overruns, and
recommend a means of eliminating the overruns.” (16:2)
The later DCS/SGL study (17) was a review of six weapon
systeam acquisitions and three major modification programs,
involving fifty contracts, to ''determine the correlation,
if any, between the method of procurement used, type of
contract selected and program success.' (17:3) The ma-
jor acquisition programs were the responsibility cf AFSC,
while the three modification programs: the Class V
SEAOR-62 (SMAMA), Class V C-119G/K Gunship (WRAMA) and
the Class IV C-130 Center Wing (WRAMA), were undei AFLC.
The AFLC Modification Cost Estimate Study (19) was aimed
a8t improving cost estimating and cost tracking of modi-
fication programs exceeding $100,000. Each AMA was re-
quested to conduct 3 thorough study of this subject. Re-
sults and recommendations for improvement were to be

made to HQ AFLC. The findings and conclusions of these
Air Force studies will be integrated into later portions

of this thesis.




The decentralized Air Force approach to pirocure-
ment and the fuactional organizational structure of AFLC
combined to increase the difficulties of investigating
cost growths on iarge modification programs, especially
when mcre tharn one contract was involved or programs in-
terfaced or dovetailed. For large modification programs,
and narcicularly for Class V and HQ USAF approved Class
IV programs, nc central file existed to obtain the big
picture at HQ AFLC regarding the cost/schedule/perform-
ance aspects of such prograins. Once these modifications
are appro?ed by HQ USAF andé a Modification Program Direc-
tive (MPD) issuea (5:1), any '"met (cost) increase exceed-
ing $200.000 cr 20%f of tune total apnrcved modification
cost, whiciiever is less" ((:12) requires the approval of
HQ USAF. For a Class IV modification, documentation of
this increase appears on the AFLC Form 48, Configuraticn
Control Board (CCB) Item Record, which is processed
through the AMA and Y AFLC CCBs. The ''reasons for the
increase and recomea:ndations for remaining within the
authorized funds by stretching out the program, reducing
the number of units to be modified, e¢t.." (6:12) are to
be included. For the modification programs investigated
this was the only required written documentation for
jd;fT;ying program cost increases,

The referenced RAND repurts were written in 1963-

1964. Deavers and McCall (32) presented a method for

. et m e ark e s, oM
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analyzing and aiding the decision-making process related
to proénrement and product improvement, where ''procure-
meni refers to the technical procedures used to acquire
2 new weapon system" and "product improvement refers to
the process of modifying existing weapon systems to meet
a newiy defined mission, or to correct an opecrational or _
logistic deficiency." (32:2) Their work is significant
since they are havrbingers of a major concept in this re-
search, namely, '"Procurement and product improvement are
s¢ closely rclated that a single analytical framework
can be used for both types of decisions.' (32:43) Al-
though Sweetland (34) was primarily concerned with as-
sessing the effectiveness of a weapon system modifica-
tion, his work notes the lack of complete cost data,
areas of costing a modification that must be considered,
and provides twe program examples: an Air Training Com-
mar? power plan: modification of all T-38A aircraft,
costing over 317 million; and an Air Defense Command
fire control modification of F-101 aircraft, whose en-
gineering and kit cost alone were $21.9 millior. (34:2)
Deavers (33) addressed the problem of selecting product
improvement candidates. In so doing, he developed a
listing of data needed to determine whether a proposed
product improvement is economical. (33:23)

The implication of these findings can be summarized

as follows:
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1. Past studies prov1de a meager platform from

which to depart on a current study of cost outcomes on

modification progranms. 'Their different aims lead to o

i | H
.different technique. and mixed results. , !

2. Without:the available data base one can not
I

study cost outcomes and causes UtlllZlng statistical

i
tests for sxgnificance, To acquire the necessary data
would  rzquire an extensive, in-depth-probe-of numerous

! ' i

modification programs and/or the use of survey tech-

niques.

Based on all considerations stemming from the lit-

erature -and data search the f0110W1ng hypothesxs was

:vformulated Large modiricatlon programs requiring
HQ USAF 1nvolvement exhibit the basic characteristics

Aof ma;or,weapon system acquisitions. If this hypothe51s

is true, then to a large degree, research and findings

on the procurement process for major acquisitions can

be applied to the procurement process for modification
programs, and vice versa. .The next section details the
research to SUpportfthis hypothesis and to examine modi-
fication programs in detail with a view toward cost
growth,and its causes. Empha51s is placed on the program-
history method: the compiiation and analysis of inten-

sive case histories of modification programs.

i
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) \ C ’ ‘Case Histories

—

fhe deScription of the DOD and Air Force process
fof procurement of major weapon systems stems from a
‘long list of DdD and Air Force directives, instructions,
'manuals and regulations. For a description of this pro-
cesg from an industr;al point of view, reference the
kAérospade Indusfries Association study (35) and the
articielby'Drake'(9). ‘Fér an Air Force/academic view-
péint see Loretté. (14) lBasically, there are four
phases to this ﬁré;ess: (1) Concept Formulation, when
program‘objectives are identified and development plans
conditionally approved, (2) Contract Definition, when
: (_) | ~objectives are réduced:to firm specification as confirma-
tion of the design decision fo proceed, (3) Engineering
Developmenx,'when the equipment is developed and tested,
and (4) ﬁroduction and Operation, when the system is pro-
'rduced and deployed. These phases can also be broken
dowr into six project segmeats: system concept, system
definition,!system.design, system development, fabrication-
assembly-test, and operation-support. See Figure 1.
Case histories documenting major weapon system programs
ére pleﬁtiful and are included in many of the previously
'] ' o reférenced studies.  One can readily superimpose the
| four phases or six projecf segments over any of the case
histories. No similar, well-documented case histories

-% - | could be found for major modification programs, however,
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there were abbreviated program histories in some of the
previously referenced literature. Also, these refer-
ences yielded statements to support the hypothesis. In
the Deavers and McCall study their first main conclusion

was .

Procurement and product improvement are so
closely related that a single analytical frame-
work can be used for both types of decisions.
The information and analysis needed for effi-
cient procurement is essentially * e same as
that required for product improvement. But,
more important, the joint analysis immediate-
ly reveals that the two activities can be
treated similarly. (32:43)

The DCS/SEL study stated:

SPO personnel interviewed at ASD indicated
that the quick-response nature required of
this type of Class V Modification lent itself
tc the same functions and management actions
of a complete weapon system SPO, but in some-
what more abbreviated steps or compressed time

cycle and in an atmosphere of great urgency.
(16:6)

Then concluded:

The manning of all disciplines such as data,
configuration, reliabiiity and maintainabil-
ity, test and develcpment and logistic sup-
port is just as essential in a Class V Modifi-
cation Program as it is on a complete weapon
system development and acquisition program.
The above must be accomnlished in a compressed
time frame of a Class vV Modification. (16:6)

To verify that HQ USAF approved and directed Class
IV modifications demonstrate characteristics similar to

major system acquisitions and to investigate in detail




the current procurement atmosphere, two case histories

were compiled. The method of program selection, data
collection and analysis follow as subsections. Two
statements from Marschak (30) also represent the posi-
tion of this researcher on case histories.
Project histories. . . have several serious
limitations. The main one is that a strong
subjective element often enters the interpre-

tation of a history and the decision as to

whether or not it supports a given conjec-
ture. (30:49)

. . . a strong word of caution is in order
about the interpretation of the histories.
The criticism of past . . . procedures, or
the past performance of any . . . agency,

is not our purpose. . . . Any such interpre-
tation of the histories entirely misses the
point: to illustrate an important method
for acquiring knowledge about the . . . pro-
cess. (30:50)

[}

Program Selection

The section titled, The Procurement Process, noted
that systems and equipment were segregated according to
aircraft, missiles, and other, along lines identifiable
to the budget-funding process. Modifications to USAF
aircraft are funded under Budget Program (BP) 110000,
Appropriation 57X3010 (Aircraft Procurement, AF); mis-
sile modifications under BP 210000, Appropriation
57X3020 (Missile Procurement, AF); and vehicle', elec-
tronic and telecommunications, munitions, etc. are

funded from Appropriation 57X3080 (Other Procurement, AF).




Table 1 shows the USAF approved modification dollar

breakout for AFLC for Fiscal Years (FY) 1968, 1969 and

1970 for three of the major modification Budget PrOgrams:

Table 1

AFLC Modification Budget Program Accounts1

FY 1970° FY 1969 FY 1968
BP 110000 $303,583 439,366 511,027
BP 210000 3,000 35,892 34,655
BP 880000 @ ----- 3 29,118 20,661
s .
¥) Note 1. USAF Approved, in thousands of dollars.

Note 2. Incomplete, as of June 1970,
Note 3. Not available.

Source: HQ AFLC (MMRER).

Because of the predominant dollar amounts in BP 110000,
it was decided to examine aircraft modification programs.
By examining only one category, aircraft, to be taken
from different AMAs, comparisons could be made. Active,
unclassified aircraft modification programs in the $60-
$100 million range, free of legal-political complexities
were sought. Such programs would permit research which:

(1) involved significant dollar amounts, (2) could be ac-

complished in a reasonable period of time, and (3) could be
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published in open form. Discussions with HQ AFLC person-
nel to find such programs resulted in selection of the

following two programs:

1. The C-130 Center Wing Class IV Modification
directed by Warner-Robins Air Materiel Area (WRAMA) and
performed by the Lockheed-Georgia Company.

2. The B-52 G&H Stability Augmentation Systecm
Class IV Modification directed by the Oklahoma City Air
Materiel Area (OCAMA), having kits manufacturcd by the
Boeing-Wichita Company and other vendors, and installed

at Oklahoma City and San Antonio AMAs.

Programs were sought which appeared to exhibit
some growth in costs over a period of time,; there were a

number of programs which did not meet this condition.
Data Collection

Information for the case histories came from two
basic sources: record/fiie reviews and personal inter-
views, After the programs were selected, reviews and
interviews were conducted at HQ AFLC. The focal points
of the 1IQ AFLC review were ihe ai:craft modification pro-
gram funds monitors and the program technicians in the
Directorate of Materiel Management (MM).

Trips were made to WRAMA, Georgia, 31 August-4

September 1970, and OCAMA, Oklahoma, October 15-22, 1970

to obtain data availahle only at the AMA. Each visit
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was planned and coordinated beforehand through the Direc-

torate of Procurement and Production (PP) at the respec-
tive AMA, During these visits official contract files
were made available in PP as well as interviews allowed
with the respective Contracting Officers, buyers and

pricing personnel. Personnel from the System Support

Manager (SSM) in MM made available program documentation
and were interviewed. Service Engineering, Comptroller
and History offices were also visited. Follow-up commun:-
cations, telephonic and written, filled in missing data
links.

Based on these reviews and interviews, case his-
tories for each program were compiled. Verification of
the histories was obtained by sending them to [IQ AFLC
in December 1970 for review. These histories form Appen-

dix B and Appendix C to this thesis.
Program Synopses

The C-130 Center Wing Program was conceived to
permanently eliminate fatigue cracks in the center wing
section of C-130 aricraft. Under a HQ USAF directed
Class IV modification, a new center wing box beam is
fabricated and installed in C-130 aircraft by the
Lockheed-Georgia Company at its plant in Marietta,
Georgia. Reference Appendix B. When the modification

program was 'sold' to HQ USAF in April 1968, the esti-

mated cost to modify 400 USAF C-139B/E aircraft was




$77.8 million. This figure included a fatigue test pro-

gram, over and above work, and a modified landing gear;

the first aircraft was to be input to Lockheed during
the first quarter of FY 1969. With a flow time of 21 i{
work days per aircraft the p-ogram would be complete by
the fourth quarter of FY 1971. The September 1970 ap-

proved cost figure for the modification of 460 USAF

the fatigue test program which is carried separately,

nor the landing gear modification which was deleted.

The first aircraft was input on November 1968 anu output

aircraft was $97.3 million, but this does not include 11

on February 1669. In FY 1969 thirty aircraft were modi-

( fied with an average flow time of 55 calendar days; the
FY 1970 {low time for 185 aircraft averaged 41 calendar

days. 1f the modification i< treated as a 'total' pro-

gram, then a conscrvative total USAF cost could be over

$130 million for the 460 sircraft. See Tabhle 8B. There

are currently 516 aircraft forecasted to receive the modi-

fication since U.S. Navy and Coast Guard aircraft have

been ad.ed to the progran.

The B-52 Stability Augmentation System (SAS) Pro-

gram stemmed from special iife studies on the aircraft

e

aimed at improving the airplare's structural life and

its 2srcdynamic and structural stability in severe turbu-

lence. Under a HQ USAF directed Class IV modification

an improved stability augmentation svstem is fabricated
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and installed on B-52G/H model aircraft. Pcference Ap-

pendix C. The modification program was 'sold' to HQ
USAF in September 1967 at a cost of $60.1 wrillion. This
cost figure was based on the Boeing-Wichita Company fab-
ricating 288 modification kits and support equipment for
$51.2 million, then combining with depot teams to in-
stall the kits, the total combined installation labor
charge being $8.9 million. Kits would be delivered a:
the rate of 10 in April 1969 and 20 per month thereafter.
The first aircraft input to the depot was to be not later
than Aprii 1969 and the last input not later than June
1971. The June 1970 cost estimate for this modification
was $69.7 million, but it is not the same program. Be-
cause of aircraft attrition, 2835 aircraft will receive
the modification. The production modification kit 1is

not the same as the prototype kit because of deletion and
repackaging of black boxes in the yaw axis electronics
and other attendant configuration changes The quanti -
ties of provisioned i1tems are now firm and different

from those envisioned at prcgram initiation. The i

buy was split; the first 125 were purchased from Bocing,
the remainder direct from the vendors. Installation 1is
being accomplished by AF depot teams only, at OCAMA and
SAAMA. Although difficulties were encountered in kit

and support deliveries, aircraft schedules were achieved
and the last aircraft input is currently scheduled for

July 1971.
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(’ | Tne above, abbreviated description has merely high-
lighted the beginning and a current status of each pro-
éram. Reasons are not provid 4 for ;Why and how' the
program,moved from point to pcint. Some may be found in’
,the Appendices, others will be discussed later. To
quote’these ?igures without this further understanding
could’be misleading and typical of many=cost/scheddle/
;performance commentaries offered today on defense pro-
,grans.‘ [£ the reader desires a more oetailed synopsis
cof program cost, schedule aad performance; it may be

found in the Summary section of each Appendix.

The Modification = Agguisxtion Hypothesis

(.1 'L: . , ‘ .

The case histories support the postulated hypothe-

sis: . Large mod1f1cat1on programs requ1r1ng HQ USAF in-
‘volvemerit exhibit the basic characteristics of maJor
weapon system‘acquisftions Such mod1f1cat1on programs,
. when consicdered in their totallty, can be segregated
into the four phases or six segments of a major system
acquisition. The major diiferencefoccnrs’in‘preacquisi-
tton during the concept formulation and contract defini-
tion phases. These phases are not as sharply defined
and generally are more compressed ‘since the need is
‘morezxmmed1ate. For example, in the C-ISO Center Wing

"Program, ten months (Aug 67 - Jun 68) elapsed between

( the time the serlonness of the wing fatige crackxng

et AT S i e R S e




+and associated directives and publications. The involve-

ment of HQ USAF compl:tes the comparison. Their role in

41

became apparent and the modification contract was
qwarded. ‘The B~52‘Stability Agumentation System (SAS)
Program however prog:es;ed in a more orderly and iden-
+ifiable fashion through the phases and segments. Ref-
erence Figure Cl, EQents and segment association are

as follows: system éoncept = B-52 accidents and life
§tudies; sygtem def‘ni;ion = CCP 1195 study; system de-
sign and development = prototype program; fabrication,
assembly and test = modification program (Mod No 10007);
operation and support = return of B-52 to operational
use. And, as discussed in Background the contractual
aspectsfof modificafioﬁ programs and major system acqui-

sitions in the Air Force are similar because of ASPR (1)

f

the decision making procéss: approval of overall cost,
schedule and performance parameters, and changes thereto,
is identical to that performed over a System Program Of-
fice (SPO)‘reSponsibié fof the management of a major
weapoﬁ system acquisition.

" In summary, a large modification program, Class
IV or V involving HQ USAl, is a microcosm of the Air
Force weapon syétem acquisition process and occurs re-
peatedly throughout the Operation-Support segment of
the weaéon system-life cycle. The categorics and

causes, studies and data of cost growth applicable to

i
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the major weapon system acquisition process are transfer-

able to major modification programs and vice versa.

e s TSk AR St e

LRI T P RE SR E




R

43

CHAPTER IV
PROCESS SYNTHESIS

The system upon which this Country now de-
pends for the acquisition of weapons for its
military forces is one of the most complex
technical-economical-political processes ever
evolved. Compounding the problems associated
with this complexity are the pressures to re-
duce the dollars spent for defense, concern
over the high cost and cost growth of today's
weapon systems and demand for reallocation of
national resources. These pressures, concerns
and demands have led to intense national inter-
est in the defense acquisition process. (36:5)
This chapter describes a general model of the pro-

curement process and program ccst outcome models. The
modelling emphasizes the systems approach: the recogni-
tion and identification of all factors related to the
problem including their dependencies and interaction, in
order that availabie resonrces may be allocated in an
optimum manner (37:1), thereby leading to prublem solu-
tion or process improvement. New insight into the pro-
curement process and the problem of cost growth can be

gained by examination and manipulation of these models,

A Model g£ the Procurement Process

A model of the procurement process can be developed

using systems theory. The model presented is an
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adaptation of th. work of Nelson (38)(39) and Forrester

(40).
Systems in General

To discuss analyzing and improving the performance
of a complex system, the physical and decision making as-
pects of the system must be considered in relation to en-
vironmental factors. A system and its envircnment can
be described by a'dynamic, closed loop system diagram.

A generalized system diagram is shown in Figure 2.

Figure 2 represents the relationship of one system
to the total environment. The system is composed of a
control device, a process, and an evaluator. The con-
trol cevice makes decisions and generates intelligence
based upon information and intelligence received. It
makes two basic decisions: decisions on the design of
the process and evaluator, and decisions on the control
of the process. The system process receives inputs of
five types of physical goolds: money, material, person-
nel, capital equipment and orders/requisitions. The
output of physical goods from the process is dependent
upon the process design and control exerted by the con-
trol device. The evaluator, designed by the control de-
vice, receives inputs of information regarding physical
goods flow rates and levels, process perfo.. :e and

control decisions. The evaluator irforms the coutrel

Rt
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device of the overall system performance. Redesign of
the process and evaluator and recontrol of the process
are accomplished, as determined by the control device,
based on intelligence received from the environment and
information from the evaluator. Note, that in this one
system diagram, the environment acts as a source and
sink for physical goods and intelligence.

Intelligence, as used here, is the data aad knowl-
edge flowing into the control device concerning the
availability (in terms of time, cost, quality and quan-
tity) of physical goods in the environment. It also
includes inputs of attitudes, concepts, beliefs, manage-
ment techniques, and pelicie- occurring in the environ-
ment. Observe that the system also outputs intelligence

which goes to the environment.
The Aerospace Contractor As A System

To aid in understanding of the general model con-
sider this example. Let the system represent an aero-
space rontractor who designs and manufactures aircraft
or modification kits. The control device is contractor
management. Assume management has decided that its
evaluator will be profit and that the method of aircraft/
kit production (the process) has been defined. After a
new Government contract (order) has been received, funds

(money) begin to flcw in from the Government (part of the
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Environment). The contractor lets subcontracts (requisi-
tions and money outflows) to the lowest bidder, based on
a profit evaluator. Orders also go out for more person-
nel a:d capital equipment to perform the contract. Scon
material and personnel are flowing in to the contractor's
plant. Aircraft/kits are produced and shipped (material
outflow). Information on the flows and process perform-
ance are sent to the evaluator. The profit figure sent
to management (control device) wili determine if changes
(decisions) must be made in the désign or control of the

process.
A Four System Model

A general procurement process model will now be
presented. It is an expansion of the earlier model to
allow for inclusion of more systems. The model can also
be considered as an extension of the research wcrk of
Lorette (14). By the use of a system diagram, dimen-
sionality of flows can be preserved.

Consider a simplified procurement model with four
systems: the Using Command, the Government Buying Of-
fice, a Headquarters and the Ccntractor. Reference Fig-
ure 3. If the B 52 SAS Program were used as an example,
then the systems would be identified as: Strategic Air
Command, Oklahoma City AMA, DOD/HQ USAF, and Boeing-

Wichita, respectively. The difficulty in graphically
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Figure 3. Four System Procur.ant Model.
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diagramming the intelligence and physical flows between
each system and the environment becomes obvious e¢ven
with only four systems; und, no attempt has been made
to show information or decision flows within the system
or flows among systems in Figure 2. This difficulty can
be cvercome by the use of matrices and the introduction
of related notation. Figure 4 presents a general sys-
tem diagram with notation and functional relationships
for the Kth system,

Table 2 describes in matrix form one possible rep- 4
resentatis1 of the physical goods flow patterns which
can exist among the systems and environment for the four

system model. A blank, or zero, indicates no flow, a

one (1) indicates a flow. For example, pllS = 1 implies
2 flow of money (i=1) occurs from DOD/HQ USAF (System 1,
j=1) to the Buying Office (System 3, k«3). In a similar
fashion flows of intelligence can be evaluated. As .n
example, say the developmert of & weapcn system by an
unfriendly nation poses a new threat. Table 2 alsc de-
picts this intelligenc> flow with the same four systems.
I134 = 1 implies intelligence ci: _he threat {i=1l) flows
from the Buying Office /System 3, j=3) to the Contractc:
(Systea 4, k=4). Another example of an intelligence
flow would be kncwledge of fund levels and availability

in other systems.
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Table 2

Procurement Model Flowsl’2

Physical Flows® (Py5)

Note 2.

Note 3.

i=1 i=2 i=3
Money Material Orders
1 2 3 4 E 1 2 3 4 E 1 2 3 4 E
1 1 1 1
2 1 1 1
3 1 1 1 1
1
4 1 1 1
E |1 1
Physical Flows3 (Pijk) Intelligence Flowss (lijk)
i=4 i=§ i=1
Personnel Equipment Enemy Threst
1 2 3 4 E 1 2 3 4 E 1 2 3 4 E
1 1 1 1 1 1 1 1 1
2 ]1 1 1 1 1 1 1
s$j1 1 1 1 1
4 J1 1 1 1
EJl1 1 1 1 i 1 1
Note 1. System 1 = DOD/HQ USAF

System 2 = Using Command
System 3 = Buying Office
System 4 = Contractor

E = Environment

Only flows pertinent to the program under contract
are considered.

k = abscissa, j = ordinate.
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The interpretation of the generalized system repre-
sentation for the aerospace contractor (k=4) would be as

follows:

!

1. Recall that in the ‘earlier example, the con-
trol device was contractor management, the process was
aircraft/kit production, and the evaluator was profit.

2, Management determines system design and con-

{

"trol with its decision function fdd’ a vector function
! C ' '

of four functions: fdl4' fd24' fd;4' and‘fM4

3.; The coritractor decision function (fd4) deter-

‘mines intelligence outflowss(li4j); the evaluavor func-

tion (fé4), the pfocess function (fp4), and the control |

3

Gariables‘(é4) based on intelligence inflows'(lij4) and .

' evaluator information (N&4).4 Consiﬂe; th;s simple exam-

. , . ‘
ple. Assume at time t the informavion from the evalua-

[

' tor, Ned’ is a measure of profitability, return.on sales.

' Based on new marke: ihteliigeuce, contractor management

(the control devxce) makes z design dec1sxnn (fd34) to
change the measure of profitability to return on asscts

at a later time tl': Then

fe4(to) = Function which converts input data to
provide a measure of profitability. re-
turn on sales., :

fei(tl) = Function which converts input data to
provide a measure of profitability, re-
turn on assets. ,

i i
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4. Physical outflows (Pi4j) are determined by the
brocgss function (fp4) acting on physical inflows (pij4)

in accordance with the vector of control variables (64).

Each of the other three systems can be visualized
in the above manner. The major components of these sys-

tems at some time t might be as follows.

System 1 - DOD/HQ USAF

Contrel Device: Management .
Process: Headquarters organization
Evaluator: USAF military readiness

Systes 2 - Using Command

Control Device: Management
Process: Air cargo movement
Evaluator: . Costs ($/ton-mile)

'§ys£cms3 - Buying Office

; Control Device: Management

Process: Equipment procurement
‘Evaluator: Budget goal realization

Further Expansion of the Model

The use of the generalized systems representation
and matrices permit growth of the procurement process
model to the extent desired. Other systems could be

broken out of the environment. Examples of systems

which could be added to make the model more complete

‘are Congress, subcontractors, the public, industry in

genecral, and the Administration. The effect of these

additional systems on cost outcomes could be examined
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through the changed functional relationships and modi-
fied matrices.

Consider the additicn of the public and Congress
to the model. The public, as a system, would be recog-
nized as a source of intelligence which flows to Con-
gress and the aerospace industry. If industry obtains
sufficient intelligence flows from the public and Con-
gress on their attitudes toward pollution and ecology,
then management may redefine its process, e.g., repro-
cess waste material rather than dumping. This could
result in an increased, allowable overhead charge to
Government contracts, to wit, cause a cost growth. The
mode) could also explain the degree to which Congress
affects the procurement process through its countrol
over procurement authorizations, appropriations, and

legislation.
In Review

The model was developed to fill a need. In the
course of the literature search it became obvious that
1{ one was to attempt to make sense of the iiterature,
a framework, a description of the process, was needed.
No such description could be found to order and explain
the myriad of reasons offered as causes of cost growth.

The model is crude; it is a start. It 1is be-

lieved that it can serve anyone interested in the




procurement process to relate and put into proper per-
spective, that which is being written and spoken. Con-

sider the following three examples.

1. Lorette (14) describes the pressure ecxerted
on the SPO (Buying Office) by the Using Command, which
has no financial responsibility, to incorporate 'gold-
plating' Engineering Change Proposals'(ECPs) suggested
by the Contractor. To describe this pressure Table 2
would show no money flow (i=1) from System 2, the Using
Command, but order €lows (i=3) from System 2 to System
3, the Buying Office. If an intelligence flow matrix
were made cn contractor brochuremanship and sales
pitches, then it would show a flow from System 4, the
Contracter, to System 2, the Using Command.

2. Proxmire (41) describes the exchange and flow
of personnel between DOD/USAF and industry as a cause of
cost overruns, This phenomenon would be shown in Table
2 under personnel flows (i=4). However, to determinc
if it in fact had an effect on cost growth, it would be
necessary to examine a number of intelligence flows.

3. I1f the contractor 'buys-in,' this could be
represented by an intelligence matrix on funds status.
It would show that the contractor knows the availabil-
ity of dollars at DOD/USAF for this program, or he has
favorable intelligence on the attitude of the buyer or

Headquarters to permitting add-on changes. Other
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possibilities for the buy-in could he explained by the
mcdel. It could show if the contractor has decided to
define his evaluator as growth in lieu of profit, or
that the contractor lacks control of his estimating pro-
cess.

In conclusion, the procurement process should be
viewed in its totality. A systems approach should be
taken. By ronsidering i. as a blending of systems which
interact, with each other and the environment, a better
comprehension and appreciation can be gained into why
program cost outcomes are different from earlie:r esti-

mates.

Mathematical Models

What constitutes a modification program, and how
much does it cost? To understand the cost growth phe-
nomenon, these questions need -2 answered. As used in
this thesis, a m:dification program encompasses all ac-
tions taken by the Air Force and the associated indus-
trial contractors to translate a required operational
capability or an operational deficiency into a viable
change on equipment or systems currently in the Air
Force inventory. The modification cost is the cost to

the Covernaent to accomplish these actions.
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2 4
MPC= | | oy
is1 j=1

where
MPC = Modification Program Cost

Cy; = Cost of the jth cost clement incurred
) by the Government

C2j = Cost of the jth cost element incurred
by the Contractor(s) and allowed by
the Government

Cil = Development cost element

Ciz = Acquisition cost elcment

CiB = Initial logistics cost element

(]
L4

i4 Recurring cost element

Also .
"j
Cpy = ) CPy
k=1
where

CP.k- Contract price of the kth contract or

) supplies and services in the jth cost
element

n. = Total number of Covernment contracts

in the jth cost element

Note that by definition, contract price equals allowed

contract costs plus profit or fee. Thus, the cost of a

sodification program is the sum of the costs for all

Sovernment let contracts and Government related activ-

ity.
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This concept of vifualizing the cost of a modifi-
cation program is an extension of Life Cycle Costing

(LCC):

Life Cycle Costing is an acquisition or pro-
curement technique which considers operating,
maintenance, and other costs of ownership as
well as acquisition price, in the award of
contracts for hardware and related support.
The objective of this technique is to insure
that the hardware procured will result in

the lowest overail ownership cost to the Gov-
ernment during the life of the hardware.
(42:1-1)

For LCC cost element category definitions see the Glos-
sary of Terms.
In present AFLC usage, the 'cost of a modification'

is usually given as:

MPC!

»
@)
~
*
)
*
]

MPC' = Abbrevi~t-d modification program cost

C,, = Contractor allowed acquisition costs

) Abbreviated Air Force acquisition costs

Cy = Contiactor allowed initiail logistics
costs

The abbreviated modification program cost omits the cost

of all contracts to industrial concerns and the cost of

certain Air For: - ity for studies, research and de-

velopment, testing, and prototyping neceszary for the
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manufacture of a production modification kit. It does
include the cost of kiv installation by the Air Force
(C;Z)' if this work is accomplished at the depot. Ref-
erence the B-52 SAS Prozram. Ilowever, in genecral, Air
Force ircurred costs on modification programs arc not
racognized. One of these major costs is thc cost to man-
age the program, i.c., the salaries, travel, facility
and overhead costs of the HQ AFLC and AMA perscnnel in-
volv:d in program management, s2rvice engineering, and
procurement. Other examples of Air fForce ccsts unrecog-
nized in costing the modification are system or equip-
ment downtime and Using Command training and program
activity costs.

That the cost breakout by Air Force and centractor

1s important in scarching for the causes of cos® growth

can be demonstrated by the following example from Appen-

dix C.

OCAMA prevented the cost of Mod No 10007 from
increasing over $5 million by going direct to
Boeing subcontractors for electronic and hydrau-
lic components on the second increment (159) of
production modification kits. By furnishing

the kits as GFAE direct to the depot, OCAMA did
not have to pay 3oeing for systems engineering
nor the added-on profit and overhead. llowever,

the cust of OCAMA procurement, engineering,
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systems and inventory management personnel, with
an associated overhead cost, to accomplish this
task inhouse was not charged 2o the modification.

These funds come from different appropriations.

The brecakout of costs by development, acquisition
and initial logistics is also important when studying
cost growth. The abbreviated modification program cost
represents the visible tip of the iceberg. Without
recognizing that a cost can be shifted from one cost
element category to another, misleading conclusions can
be drswn about why an 'acquisition cost estimate' grows
or decreases.

A time milestone (T-) can be defined as an estab-
lished point in the chronology of a progrem. There can
be at least six major milestones in a modification pro-

gram.

1" Modification Requirement established.

2 Contractor/AMA Proposal submitted.

T
T
T3 = Modification Program Directive (MPD) issued.
T‘ = Production Program initiated.

TS = Kit !=stallation commenced.

T

6 " Modification Program completed.

Using this notation, the modification program cost esti-
nate at time of MPD issuance can be denoted by HPC(TS)

or HPC'(TS). Similarly, CP, (.,) represents the target
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contract price of the first Air Force contract leot in
the acquisition category. CPZI(Tb) is the final, ad-
justed price of the same contract. Further use of these
time milestones and notation will be deferred until the
next chapter,

In summary, a modification program total cost sum-
mary can he divided into eight categories. Frescntly
there are no figures available for any of the Government/
Air Force costs, save depot kit installation. This 1s
an area worthy cof additional research. Neither verc any
figures found for recurring costs on the modification
programs. This research was limited since the only data
uncovered at HQ AFLC and the AMAs were contractor incur-

red costs (C Cy54 Cy5) and Air Force kit installation

21’
costs (Ciz). This research of the cost growth phenomena
is a study of cost variances in these catcgories.

Cnst grewth can be examined in at least three ways:
the cost-accounting approach, the cost-category approach,
and the predictive-functional approach. FEach will be
dealt with separately. A fourth approach, the subjec-
tive, could be included. It is usually more qualitative
than quantitative and comprises the compilation o” case
histories, investigations, and personal sxperiences.

However, the subjective approach is usually an integral

part of one of the other approaches.
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The Cost-Accounting Approach

The conventional cost-accounting approach implies
analysis of cost variances from established cost stand-
ards. There are three major categories by which vari-

ances may be analyzed. (43:10-11)

1. Material Category

a. Price variance

b. Usage variance
2. Labor Category

a. Wage rate variance

b. Labor efficiency variance
3. Overhead Category

a. Volume variance

b. Expense variance

c. Efficiency variance

By judicious groupings of costs into work packages, func-
tional categories and product components, cost variance
analysis can be conducted as to cause an? respcnsibility
at a variety of functional program and organizational
levels. (44:24)(45)

For the Air Force to perform such cost variance
analysis implies: (1) a requirement for contractors to
account costs in this fashion, (2) access to contractor
accounting records, and (3) trained personnel assigned

to perform the aralysis or verify the contractor's data
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submissions. It also requires the establishment of ac-
ceptable performance standards. A cost accounting ap-
proach along these lines is the intent of the Cost/
Schedule Control System Criteria (C/SCSC) required o
selected acquisitions per DOD Instruction 7000.2,

Performance Measurements for Selected Acquisitions. It

is however limited to large programs and does not apply

to fixed price contracts. (46:1)
The Cost-Category Approach

The most publicized method of studying cost growth
today is the system used by the Department of Defense
and described in this thesis subsection, Cost Growth-
Evolution and Definition. For selected programs: ''pro-
grams estimated in the Five Year Defense Program to re-
quire (1) a total cumulative financing for Research, De-
velopment, Test and Evaluation in excess of $25 million
or (2) cumulative production investments in excess of
$100 million" (24:1), Selected Acquisition Reports (SARs)
must be prepared. Program cost, schedule and performance
estimates are provided at varicus baseline time points.
This approach is a variation of the cogt-accounting ap-
proach since the baseline cost estimate serves as a cost
performance standard and cost variances must be classi-
fied in terms of the nine 'cost growth categories.' Ref-

erence Appendix A.




TN

R R e o

3 A T TR T T ST 4 T e

The cost4category approach has helpeoxclarjfy some
of the confusion surrounding cost orerrun. It has also
axded 1nvest1gation and research of the phenomena. The
approach has recogn1zed that adjustments need be made

to the orxg1nal cost est1mate for valid compar1sons to

;be made w1th the final, actual cost of tne program or

contract In theory, it allows for adJustment of the

’ estxmate quant1t1es, schedule, performance (eng1neer1ng

changes), pr1ce (economxc changes) and four other cate-

gorles or factors. The remalnlng cost category is called

[

cost overrun (underrun).’

An early method of. calculatlng a program or con-

tract_ cost oyerrun _was
CO=C,.-C
!  where

Cost overrun (negative = underrun)
N I

o 0
o
n n

£ Final cost, actual

(]
[ ]

Estimated cost, earliest available

In its place DOD has substityted: ‘

CO = Cf -_Cé
8
1
ca - ce * E CFi
i=] ,
CG-Cf "Ce : !
CO = CF
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« where
C, = Final estimated cost, adjusted
‘ C;‘ = Estimated cost at an established baseline
| CF., =

i ith DOD cost growth category (factor)
' ‘ 9
CG = Cost growth = [ CF,

: ‘ i=1
f i

An exampie of the research contribution arising

from the use of these categories is provided by the AFSC
Cost Growth Study. (31)

Ar examination of the 113 completed AFSC contracts

revealed a total average cost growth of 49.2% from

the initial definitized centract price. Cost vari-

; | ; - ance from the adjusted negotiated contract prices

- (cost overrun) attributed for 6.4%. Engineering

L | . changes accounted for 33.2% of the total cost

' o growth, support changes 24.0%, and quantity changes
t

: 22.1%. Recommendations for improvements followed
¥ (-

from difficulties in category definition interpre-

tation and data collection.

The DOD cost-category approach appears to have

drawbacks. These limitations could not be verified

since the performance and schedule data of the SARs is

‘ classified and access to them could nr: he obtained.

Cost change categories are established for en_ineering

| (performance) and schedule changes. OCperational and
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technical characteristics and schedule milestones, plan-
ned and achieved, must be documented. However, there
appears to be no requirement to assess the impact of per-
formance degradation or schedule slippages on costs,
unless performance and delivery incentives are included
in the contract. The second limitation appears to be
the lack of a cause listing or categorization of causes.
Variance anslyses are to "summarize the underlying
causes’ (24:8). It could not be verified if causes were
supplied or categorized on the SARs. Finally, a nega-
tive or zero cost growth could occur, yet there still

be an overrun.

Let

CF, < 0

[§5)

then CG = C

implies C <« C_
CC =C, -C

implies CO > 0.
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The sbove formulation describes the event of reducing

the buy quantity to stay at the original cost estimate.
Adjustments

The previous subsection noted that adjustments
are required to the cost estimate. Ad ustments prevent
an ‘'apple-orange' comparison o: actuals and estiaates,
Consider this simple example of quantity adjustment.
The estimated cost for 100 kits is $500,000, The final,
actual cost is $500,000. No cost growth occurred, if
100 kits were purchased. However, if only 50 kits were
purchased then a cost growth has occurred, and the esti-
mate must be adjusted to determine the extent of the
growth,

At least four adjustments may be required to more
accurately discuss cost growth and cost overruns.

1. Quantity

2. Price

3. Performance

4. Schedule

Quantity adjustments are described in RAND publi-
cations. (47)(48)(49) Adjustments are based on learning
curve techniques and thz fact a fixed cost exists on any
purchase regardless of quantities. Quantity adjustments
are typically made based on the majocr system production

quantities, such as aircraft or missiles. In some
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(P procuremente Aerospace Ground Equipment (AGE), trainers,

simulators, spare parts and technical data constitute a
\ large percentage of the program cost. Changes in their
* quantities should also be reviewed to determine if the
cost estimate should be adjusted accordingly.

Price adjustments are réquired to the degree the

contract pfice or cost estimate do not allow for fluctu-
ations in the economy. Harmon (50:38-61) shows two
methods for adjusting the estimate for price level
changes.

As will be demonstrated by the three variable
; analysis of cost, schedule and performance in the rext
section, and as briefly noted earlier, an adjustment to
the original cost estimate needs to be made if the actua)
delivery schedule or achieved performance are different

from the estimated or required. ‘The cost estimate should

b usually be deflated if actual delivery schedules are

o

slipped, or design specifications and performance paramc-

e

ters are not met. The techniques necessary for adjusting
original cost estimates to compensate for changes in per-

formance and schedule is a potential research area.
The Predictive-Functional Approach

The concepts which follow are adaptations of the
works of Box (51), Wilde (52), Bartee (53), and Draper

and Smith (54). Consider the equation




where

This concept
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= The dependent variable, also called the
criterion of effuctiveness or response
variable.

= A function or systenm.

= A vector of independent variables. These
are adjustable, controllable factors.

= A vector of boundary variables. Includes
factors which are uncontrollable, but meas-
urable, and set controllable factors.

= A vector of random variables. These fac-

tors cannot be controlled, adjusted nor
measured. They may also be unknown.

can be applied to the procurcment process

and cost growth.

b -

= Program cost outcome
= Modification procurement process
= Controllable factors, e.g.

X, = type of contract

Xz = contractor

X3 = AMA manning posture
= Boundary factors, e¢.g.

Bl = state-of-art technology

B, = national economy, inflation
= Random factors, e.g.,

Rl = current events

R2 = contractor's evaluator

R3 = acts-of-God
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Example: Cost-S5chedule-Performance. Probably the

most simple and straight-forward example of this concept
is the three variable analysis of cost as a function of
schedule and performance, C = f(S,P). Figure S5 shows a
performance contour map. For a given level of perform-
ance (Pi)’ cost is a convex function of schedule. Hiéher
levels of performance require longer develcopment time
(S), cost more, or are some combination thereof. Al-
though this deterministic model oversimplifies the phe-
nomena, it does display the more basic characteristics

of the process. Namely, a production or response sur-

face relates these three varisbles, and trade-offs can

Cost (C)

Py

A

. .
\______/

Schedule (S)

Figure 5. Performsnce Contour Map.

) W
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be made. For a given performance level, costs can be in-
rreased by requiring shorter development times. For a
given schedule, costs can also increase by requiring
higher levels of performance. Peck and Scherer (26:251-
257) provide a good introduction to this type of analy-
sis; they also introduce uncertainty (26:299-301).

Sapp (55) views it as a response surfare and introduces

time variant maps and allows for quantity changes.

Literature I'xamples. The predictive-functional ap-

proach has been used in a number of past studies to ex-
plain cost growth, predict cost outcomes or make compari-
sons.

At The RAND Corporation, Summers (29) used a non-
linear multiple regression equation and analysis. The

functional form of his predictive equation was:

s}
]

f(t,A,L,T)

where
F = Ratio of actual cost to adjusted estimate
t = Timing of the estimate within the develop-
ment program expressed as a fraction of

program length

A = Degree of technological advance required
in the program

L = Length of the development period

T = Calendar year
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Perry, et al. (11) also used a nonlinesr regression

analysis with a predictive equation

F = aebN

or in functional fora

n
»

f(M)

where

a = Pegression coefficient
b = Regression coefficient
M = Number of moiuths from the cost estimate
to the first operational delivery of the
system
Harmon (50) extended the Peérry work by reintroducing a
Summers variable, A. Harmon's nonlinear multiple regres-

sion equation wvas of the form
F = f(A,M)

The Rand studies oaly adjusted the original cost esti-
mates for quantity and price changes.

In other works Beld=n (12) and Fisher (13) use
simple linear regression a2nalys.s to examine cost out-
comes as functions of the type of contract. The types
considerzd were Fixed Price Incentive (FPl), Cost Plus
Incentive Fee (CPIF), and Cost Plus Fixed Fee (CPFF).
Belden and Fisher alsc examined cost outcomes as func-

tions of the contractor's incentive sharing arrangement.
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Belden attributed differences in their results in part
to changes in the environment over time.

The DCS/S§L Study (17) sought to determine if a
correlation existed between the method of procurement
(PM) used, type of contract (TC) selected, and program

success. In functional form this could be expressed as

o
L]

f(PM, TC)
C = g(PM, TC)

where
P « Performance Outcome
r = Cost Outcome
f,z = Function
PM = Procurement Method, e.g.,
PH1 = two-step advertising
PMZ = multi-year procurement
PM3 = total package contracting
TC = Type of Contract, ~.g.,
TC, = CPFF

1

TC2 = CPIF

TC3 = rPI

In sumaary, a variety of studies of the procure-
ment process have been conducted in recent years using
the predictive-functional approach. Each study attempted
to determine whether or not one or more selected vari-

ables significantly influenced the cost outcome. Results
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were mixed. This condition may have occurred for at

least two reasons:

1. Definitions and data bases were different. 1In
most cases data bases were incomplete.
2. Each study made implicit sssumptions.

a. A number of the variables were assumed to
be boundary conditions. In truth they were random and
contributed to the error term.

b. One or two independent variables were as-

sumed sufficient to satisfactorily explain the phenomena.

Model Factors. The predictive-functional equation,

Y = f(X, B, R), has been used in various forms to study
the procurement process. It is believed that with selec-
tive application it can be an extremely useful tool to
seek out the causes of cost outcomes. Once a modifica-
tior program or contract cost cutcome is known, statisti-
cal analysis can aid in determining which factors,
levels, and combinations thereof, significantly affected
the outcome. It can also be used for predictive pur-
poses once a data base is establishéd. Table 3 is a
selective list of example factors'and levels which may
impact the cost oufcome of a modification program. The
factors can be qualitative or quantitative. Some of

the qualitative factors can be ranked, Many other fac-
tors could and perhars should be listed. This is an-

other area for future research.
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ﬁ,) Table 3

Cost Outcome - Factors and Levzls

Government Variables

| X

[

= Air Materiel Area

-

X2 "

X3 °

X14 ®

X5 =

= Using

OCAMA
00AMA
SAAMA
SMAMA
WRAMA

Command

(:) XZ1 = SAC
XZZ = TAC

X33
X,q = ADC

= MAC

Xy ® ATC

X3 = Program Personnel/Program Cost

x31 = Low
x32 = Medium

X.o = High

33
X4 = Program Personnel Turnover Rate
x41 = Low

X42 s Medium
) de = High

R



Table 3 (continued) |

Product Variables

Technological Advaﬁce Spugﬁt

“.Kjt Type - B

xﬁl.' Alrctaft
Xg 2 ';Missi¥e C S

X63 = Communlcgtions

X64 = che?

i : f
i ¢ ;

" Procurement

X7 »

Variables

Program Priority

.X71 = Cra;h

Xy, - Urgent - : : :‘: ,
Xy3 = Routine

Funding Support

Xgq = Timely

XBZ.. Mixed .

x83 = ﬁelayed

Procurenent Method

| xgl = Sole Source

10

Xg, = Two Step Advertising

JCon;ract Data

X101 = Number of Contracts in Program

Xigp = Number of Letter Contracts Used




.
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Table 3 (continued)
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fxll = Type of Contract

X = FFP

111

X112
X3
114

= FPI
s CPFF

X = CPIF

| xlz = Time Sequencing

Xy, * T, - T

121" T, - Ty
X120 * T3 - Ty
X123 " Ty - Ty
Xj2¢ = Ty - Ty
X125 = Tg - T

. Contractor Variables

Xl3 = Proposal Assessment

| vx131 = Optimistic
X132 = Realistic
X;33 = Padded

Xl4 = Past Procurement Performance
X141 = High
x142 = Average
X143 = Low




~~

Table 3 (continued)

X

15

= Percent of Sales - Govermment Business/Total

xlSl = 100% - 75%
X

75% - sO%

152 °

xlSS = 25%

xlS4 = 0% - 25%

50%




CHAPTER V

PROCESS EVALUATION

As is often the case, it is easier to state

the fact than to supply a satisfactory expla-

nation. (56:45)

To determine if a modification is cost-effective,
the cost must be known. To find the causes of cost out-
comes, the outccme must be known. This chapter proposes
a methodology for investigating Air Force Logistics Com-
mand modification programs to determine their totszl cost,
cost outcome, and causes thereof. The methodology draws
upon experiences gained in the conduct of this research
and the model concepts of the previous chapter. It can

serve as an outline and guide. It requires refinement,

by individual specialists, to remove ambiguities, fill
lacunae, or broaden the scope as necessary. This chap-
ter presents only the rudiments.

The methodology envisions data collection on all
Class V and HQ USAF directed Class IV modification pro-
grams as a minimum. If resources permit, the technique
could be extended to include all modification programs
exceeding a total specified cost, say $5 million.

The basic responsibility for supplying the data

will rest with the Air Materiel Area (AMA) assigned

I —
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cognizance over the system or equipment being modified.
The bulk of this reporting task will probably fall on
the System Support Manager at the AMA. Data analysis
and compilation could be the responsibility of any of
a number of organizations at Headquarters, Air Force

Logistics Command.

Datas Collection

To investigate modification program cost outcomes,
information and data must e collected on a number of
subjects in a variety of ways. To determine the causes
of cost variances requires even more detailed informa-
tion. The information should be initially collected as
a one time report. It should encompass all active pro-
grams and those completed within the last year. If the
benefits are worth the cost, collection should continue
on a quarterly basis. The types of information neces-

sary appear as subsections and follow.

Program History

The program history is a narrative description of
the entire modification program. It 1s a chronological
accounting of program events from the establishment of
the requirement to the certification of satisfactory in-
stallation and operation of thke modification. [t iden-

tifies the source of the requirement and provides the




) justification for its need. It details the funding, pro-

curement, engineering, snd program management actions
taken to translate the operational requirement or defi-
ciency into a viable modification kit, with supporting

equipment. It describes the criteria of effectiveness,

and measured results, to determine that the operational

and technical characteristics specified were achieved,
as well as cost-effective It documents the dates at
which program time milestones occurred. The history
should strike a balance between depth of coverage and
length. It should be a meaningful program synopsis.
The average summary should be ten to twenty tygcwritten

pages, double spaced.
Tracks and Trade-Offs

Tracks of technical performance, :hedule and quan-
tities: required, estimated, approved, achieved, and
estimated at program completion, are necessary. Because
of the reiation of each of these factors to cost, trade-
off curves are needed to adjust the cost estimate. The
cause of any variance from a previous level or milestone
must de identified.

Performance - For each program one or more key
operational and/or design (technical) parameters need be
selected. The MTBF, properly defined, on the B-52 SAS

Program is ar example of such a performance parameter.
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Each parameter selected must be precisely and clearly
defined. Preferably it should be a quantitative, singu-
lar value. The performance track should document the
value estimated at the first two program time milestones,
Tl and TZ’ approved/required value at the next two mile-
stones, T3 and T‘, the present demonstrated value, and
its current es:imate at program completion. For given
schedule times, performance value-cost tradc-off curves
should be prepared, at least at the time of MPD issuance.
Schedule - A track of delivery schedule, time and
quantities, of major components should be prepared. The
estimated dates and quantities at the first two mile-
stones, and spproved/required figures for the next two
milestones should be provided. The track should also
provide for the actual schedule achieved, and the current
estimate to complete. Depending upon the type of modi-
fication and the value of the procured items, tracks may
be necessary on one or more of the following items: pro-
duction kits, AGE, selected spares, trainers, simulators,
and technical data. Key events, such as kit gqualifica-
tion test, kit proofing, kit installation, and field-
user operational readiness, may also need to be tracked.
For given performance levels and fixed quantities,
schedule-cost trade-off curves should be prepared, at

least at the time of MPD issuance.




Quantity - A track of the numbers of kits procured

and installed, and certain major support equipment, is
required. Similar to the above tracks, estimated quan-
tities at the first two milestones, required quantities
at the next two milestones, and the current estimate of
quantities should be provided. For given performance
levels and schedules, cost-quantity trade-off relation-
ships should be provided, at least at the time of MPD
issuance.

The performance, schedule, and quantity trscks
will depict program progress toward specified parameters
and events. The trade-off curves will assist in adjust-
ing carlier cost estimates. A priori trade-off curves
can remove a certain element of subjectiveness, when ad-

justments are required at a later date.
Cost Summary

An attempt should be made to reflect all costs as-
sociated with the modificstion program. That is, calcu-
late MPC. This cost includes all Government incurred
and contractor allowed costs as descrihed in the sectior
Mathematical Models. This cost determination will be
helpful in selecting modification program candilates for
tracking and pointing out areas of Air Force efficiency.
A chart similar to Table 4 should be prepared for each

time milestone (T‘) as it is reached, as well as one for
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thes current estimate to complete the program when in-
betveen milestones. This chart would portray the total
cost to the Government of the modification program,
estimated or actual. For example, MPC(TS) would be tnc
estimated total cost at time of MPD issuance, while
MPC(Té) would the final, actusl total cost. Until cost
data is available on all categories, no attempt should
be made to sdjust these costs for performance, schedule,
price, and quantity changes. However, any variances in

costs from T- to ’1'-‘,1 should be explained as to cause.

Table 4

Modification Program Cost (MP(C)

Activity
Cost Element Government Contractor Total
{i=1) (i=2)
Deve lopnent (i=1) Zcil
Acquisition (j=2) IC.,
Initial Logistics (j=3%} IC;
Recurring (j=4) cCig
.
Total EClJ )czj ZZCij




The traditional cost tracking systems for AFLC

modification programs should be utilized. The RCS:D-17
Report tracks costs by Budget Program (BP) and Fiscal
Year (FY). Associated data shows funding requireaxents,
approvals, and authorizations. Examples of this tvpe

data appear in Appendices B and C. The D-17 Report can

be useful as a common purpose reference document and to
correlate results with older, completed programs. It
can slso help pinpoint deficiencies in other tracks.
The third cost track proposed is a variation of
the cost-category approach. The cost of the modifica-

tion program to be studied is:

4
" oo ¥ '
MPC ! €25 * 12
j=1
where
MPC* =« Extended Modificaticon Program Cost

4
] C,; = Summation of all contractor allowed

C12 = Air Force kit installation cost.

This extended cost must be the subject of study since it
is the only cost figurs for which date is presently avail-
able. It 'extends' the abLreviated cost definition

(MPC') by ircluding contractcr development costs. For

each program time milestone an extended modification




program cost estimaie, MPC"(Tm), would be made. MPC"(Tm)
would be the cost estimate at milestone Tm to éomplete
the program. MPC"(TG) is the actual total extended modi-
fication program cost. Comparison of MPC"(Tm) to
MCP"(Tk),whcre Tk is earlier than Tm’ would yield an un-
adjusted "cost growth" figure. A more meaningful figure
is an adjusted cost, ﬁfﬁ"(Tm), compared to MPC"(Tm).

The 2djusted cost is arrivzd at by using the DOD cost

change cateyories to segregate the cost variance.

8
MPC"(T ) = MPC"(T,) + ] CF,
i=1

Examination of the performance, schedule, and quantity
tr-acks, as well as the trade-off curves, will aic¢ in
apportioning the cost variance by categories. The
causes for the pluacement of costs, positive or negative,
into any category and for the difference MPC"(Tm) -
ﬁFE"(Tm), must be explained as to cause. Recall that

"

CZj - kzl Cij . Thus, for this cost track, cost data
is required by contract for ali nj contracts in the jth
cost element. As an example, for the C-130 Center Wing
Progranm, n, = 9 and n, = 1; CP21 = $83,886,368., Con-
tract F09603-68-C-2530, as cof September 4, 1970.

Use orf these three cost models will result in AFLC

learning: how much a modification program costs, what

P
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) was the program cost outcome, and field opinion as to

1 outcome cause.
Supplemental Data

The predictive-functional approach can be used to
assist in the search for significant factors and outcome
causes. Judgment, experience, and cost to collect should
5{ dictate which factors and ievels are to be examined for
: significance. Examples of these factors and levels are

shown in Table 3, Cos{ Qutcome - Factors and Levels.
The supplemental information required is that qualita-
tive or quantitive factor/level data needed for the se-
- lected functional form, and not available through the
| Program History and Cost Summary.
If the predictive-functional approach is used, the
response or dependent variable Y should be the modifica-

tion program cost outcome. Let

Y = MPC(T) /MPC(T,)

or

s, s

Y = MPC(Tq / MIPT(T )
for completed programs; and

Y = MPC(T6)/MPC(Tm)

or

. Y = MPC(Tg) / HPT(T,)




T

" of their time’ in designing;the study. beciding‘before-

‘streamline, the data collection process. ; c

for active prograas, where

1

MPC(T,) = Unadjusted estimated modification

prugram cost for m = 1,5 |

'MPC(T ) » Ad)usted estimated modification
,program cost form = 1,5

MPC(Tf) = Final modification program cost
MPC(TG) = Estimate ® final‘modification prb-
. gram cost

A ratio is used for the dependent variable to negate the

i

magni tude effect of large versus small do11ar value pro-

grams. Current data SYallabllltY and the wxllxngness to

make subjective adjustments for quantities, performance,
schedules, and price will dictate the choice of Y. As

a minimum the following forms of Y should be examined.

Note that for ‘active programs Te'= TB.

Y = MPC"(T6)/MPC"(Tm) !for m=1,5
and

Y = MPC"(T )/MFC"(TS)

:Hicks.(57) emphasizes ‘design' in problem solving.
The research planning stage of design proceeds and f&cil7

itates the analysis stage. The responsible AFLC gréup,

conducting the study shﬁuid spend the largest portion

hand how the submitted data will be analyzed should | |
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¥ ‘ ‘ - Data Analysis

The analysis and evaluation of the data received

" must be an active, iterative process. The nature of the

data.and its ahalysis:will still require a cyclic pro-

cess to clarify éarlier suﬁmittals, notwithstanding the

initial emphasis on design. Convergence to an optimal
format should result.

In conjunction with the data refinement process a
Cause'lisiing for the cdst changes should be developed.
It would cateéorize cauSes and indicate their relative

importance. Such a listing and ranking would provide

.an order of priority for improvement. The cause list-

ing may be developed from the reasons supplied in the

‘data submittals for-cost,vpe;formance, schedule, and
quantity variances. A second approach to developing a

cause listing may be used, It appears in Table 5 and

is based on the conqépts of the Procurement Process

Model. Tgble 5 is based on four premises,.

1. All causes originate within a system.
2. Causes are controllable or non-controllable.

3. The control device is responsible for con-
trollable causes.

4. Controllable causes can be attributed to the
" decision function and its component outputs:

a. Intelligence Output
b. Evaluator Design
) é. Process Design

d. Process Control




90
Table S
Program Cost-Change-Cause Table
Controllable Causes
Decision Function Outputs
Intelligence Evaluator Process Process
System Output Design Design Control Total
D!
2
13
N
Total
Non-Controllable Causes
Description System Value
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An example of how program data would be analyzed and in-
put to this table may be found in the next section,

Once data becomes available on which programs and
contracts, are or are not, experiencing cost growth and
cost overruns, then a variety of statistical analysis
techniques may be applied. The seriousness of the prob-
lem may be assessed and factors and causes isolated. It
can be tabbed a 'which hunt'; a search for which of the

factors and causes significantly affect the cost outcome.

Evaluation of Case History Programs

Figures 6 and 7 recap the C-130 Center Wing Re-
placement and B-52 Stability Augmentation System Instal-
lation Programs from another vie vwoint. Stacked graphs
are used. By plotting availab nformation against a
common abscissa, the time related activities of these
modification programs can be better visualized. Given
additional details, other tracks could be made and rela-
tionships demonstrated. Notes accompany each figure.

The remainder of this section examines the cost
growth aspects of these programs using concepts previous-
ly discussed. The presentation is heavily subjective.
Independent judgment had to be used, as available data

and techniques were inadequate to do otherwise.
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e

{ ) Figure 6 Notes

%The current approved quantity of USAF C-130 air-
craft to be modified is 460. The MPD Amendment of May
15, 1970 sllowed for the addition of 60 HC-130 H and P
wodels. Contract F09603-68-C-2530, when definitized in
July 1969, added 12 USCG aircraft to the originally
planned 400 USAF aircraft. The program forecast is for
516 aircraft: 460 USAF, 16 USCG, and 40 USN. As of
September 1970, the contract had not been changed.

b'l'he two aircraft input schedules depicted are
those presented to HQ USAF in the WRAMA Briefing and
the later Advanced Procurement Plan (APP). The actual
aircraft input achieved, and has maintained, the
APP/MPD schedule since June 13, 1969.

CAdditional data on actual aircraft output sched-
ules is shown in Figure B2. Output achieved the origi-
nal APP/MPD schedule on June 30, 1970.

dPer Table 6, data on the Extended Modification

Program Cost, MPC'", was available only for time mile-

,~ stones T; and T,. This figure differs from the USAF
) Approved~ (MPD) Qrack by the amount of development costs.

®The AFLC Approved cost track represents the dol-
lar amosunts approved on associated AFLC Forms 48, It
differs from the USAF Approved cost track since the AFLC
track includes the price of performing the outer wing
rainbow fitting modification.

fThe cost track for Contract C-2530 is obligated
dollars. The total obligated by the Air Force as of
September 1970 was $83.9 million. The estimated cost
to complete is $85.9 million. The latter figure is com-
prised of the Total Target Price and the cost of Over
and Above Work, GFM, and spares. See Tudle 6B.

8Fiscal year lines are included *~ highlight the
number of monetary actions taken in the first and
fourth fiscal quarters of each year.
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Figure 7 Notes

%A scale change was made to more accurately re-
flect changes in the total planned quantity. The num-

ber cf aircraft to be modified decreased due to attri-
tion.

bThe kit schedules are planned quantity tracks.
The original Boeing proposals were for 288 kits, how-
ever Contract F34601-68-C-1902 was issued to Boeing
for the purchase of only 125 kits. The components for

the remaining kits were purchased separately under
seven contracts.

Caircraft input and output tracks are actuals.
They reflect when B-52 aircraft were input and output
from the Air Mater.cl Areas at San Antonio and
Oklahoma City. See Table 7C.

dThe MPC'", AFLC Form 48, and MPD Approved cost
tracks are defined in the same manner as used in Fig-
ure 6. The MPD Approved means the same as USAF Ap-
proved. An AFLC Form 48 was not submitted on this pro-
gram until March 1969. The amendment to the MPD on
July 11 allowed $0.4 million more for BPl100 in FY 69

than did the revised AFLC Form 48 of April 28, 1969.
See Tables 4C and SC.

eBudget approval and funded data came from the
LOG D-20 Report. The track reflects actual dollars

approved and funded for the program on an incremental
basis.

e s M —— . .
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The C-130 Progran

If unadjusted cost figures are used then two in-
terpretations of the cost outcome on the C-130 Program
are possible, depending upon wvhich time base is used.
Reference Table 6. One, either a cost decrease of $5.3
million ($125.0-8119.7) occurred; or two, a cost growth
of 26.9% or $25.4 million ($119.7-394.3) occurred. If
the T3 cost estimate is adjusted for aircraft quantity
only using an 85% learning curve, then a cost growth of

17.8% or $18.1 million ($119.7-$101.6) occurred. In

these calculations only the production cost is adjusted.

The cost factor F » MPC"(T6)/HPC"(T3) shows an unadjusted

factor of 1.27; adiusted F' = 1,18, No adjustment was
made for price since it vas reflected in the contract
price.

The cost growth figure of $25.4 million can be

segregated according to the nine cost change categories.

As discussed earlier categorization does not provide
causes, 1t merely serves to isolate dollars and begin
the search for causes. Changes in the development pro-
gram cost element (Czl) account for $2.8 =million. This
growth stemmed from changes in five contracts (n1 = 5).
The changes by cost categery for the production program

cost =lement (C’Z) can be:

A0 M i
. " "
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CF, - Engineering Change = +$9.3 million

CF2 Quantity Change =+ 7.3

CF; = Support Change = ¢+ 0.5

CF7 Estimating Change = + 5.5

Total =+$22.6 million

The proportioning rationale is as fellows: CF, = $9.3
fo; incorporation or outer wing rainbow fittings;

CF2 « $7.3%3 for addition of 6i aircraft; CF, = $0.5 for
additional spares; and CF7 = 85,5 for the GFM ($2.2;

and resi-iue ($3.3). Ail other categories are zero.

The causes for the $25.4 million cost growth are many.
Some arc stated in Appendix B. particularly the Summary,

others in the (Conclusion.

The ilowing sceneri> znalysis is offered to demen

strate how Table 5 cvuld be used in the scarch for and

categorization of causes. Consider CF, = $9.3 million.

1
HQ AFLC approva) was granted to pemait incorporation of
outer wing rainbow fittings on 400 aircraft in May 1969
($8.05M) and on an additiional 60 aircraft in April 1970
($1.25M). WRAMA and Lockneed were aware of the neced for
this effort as early as April 1968. The probable causes
for this increase were: the desire for additionul work
on the part of the contractor after yrogram initiation;

and the desire of the Government to reduce total air-

craft downtime, switch funding sources, and minimize

i b -
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initial program total cost. The causes would be con-

trollable and attributable to System 3, Buying Office,
and System 4, Contractor. If a subjective judgment of
50/5C responsibility were made, then 18.3% of the cost
growth would be placed under the abscissa coordinate
Process Control for both Systems. Recall that the

$9.3 million was 36.6% of the total cost growth. This
analysis is conjecture and offered only to exemplify
the use of Table 5. As noted in Appendix B, the causes
fer this increase could not be validated nor corrobo-

rated.
The B-52 Program

For the B-52 SAS Program, summary cost and quan-
tity data is presented in Table 7. If unadjusted cost
figures are used, a cost growth of 13.3% or $9.6 mil-
lion ($81.7-$72.1) occurred. Adjustirg the production
cost for the decrease in quantity, using an 85% learn-
ing curve, yields a cost growth of 14.1% or $10.1 mii-
lion ($81.7-71.6). The cost factors are: F = 1.13 and
F' = 1.14,

In a similar fashion‘to the C-130 review, the

cost growth of $9.6 million can be segregated by change

categories,
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CPI = Engineering Change = -$ 6.3 million

'CFZ = Quantity Chaﬁge = - 0.5
Cfs -:Suppcrt Change =+ 3.9
CF7 = Estimating Change = + 12.5

Total

+$ 9.6 million

f
L§

The propértioning rationéle is as follows: CF, = -$6.3
for réorganizing black boxes, i.e., adopting Configura-
tibn f1; CF2}= -SO,S for'deleting five units; CF3 = $3.9
for changes in provisioned items; and CF, = $12.5 for
residue,‘which'cannot be quantified into any other cate-
gory at this time, If viewed in this fashion, thé B-52
SAS Program could‘be said to have incurred a 25.1% cost
groﬁth. The final estimatéd cost T6 = $81.7 million and

the T3 cost estimate when adjusted for performance and

quantity changes is $65.3 million ($72.1-$6.8), thus the

cost gréw by $16.4 million. The causes are many and
intgrrelated. Some are stated in Appendix C, particular-
ly in the Summary; others in the Conclusion.

The difficulty of apportioning costs by these
categories becomes obvious when one attempts it. An a
priori Set of cost-schedule-quantity-performance trade-
off curves would help; so too would more detailed cost
tracks. As shown above no figure could be assessed to
overrun or underrun (CFg). Generally speaking this

cannot be done unti! the contract(s) are completed.
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Undoubtably many persons will take issue with the
above apportionments and numbers. As noted earlier, it
is a subjective judgment on the part of the researcher.
One or more different sets of numbers may be offered in
lieu of the above. The figures may stir controversy,
Such discussion should merely reinforce the need for a
uniform set of definitions and data. For Air Force
Logistics Command to recognize the problem and work
toward its solution now, will be infinitely better than

later.




CHAPTER VI

CLOSURE

This chapter concludes the dissertation. It con-

tains three sections. The Summary presents a brief

synopsis of this research. The Conclusions are the

judgments, decisions and opinions formed after investi-

gation and thought. Recommendations to improve the pro-
curement process, particularly in AFLC, complete this

chapter.

. ; Summary
;“)

The process by which the Department of Defense ac-
quires new weapon systems and modifies existing systems
is extremely complex. Because of the large dollar

amounts involved and the democratic form of government

in the United States, the process is subject to intense
public scrutiny. When these factors interact with the
American desire for peak efficiency, any apparent waste-
ful practice by the Department of Defense unleashes a
torrent of criticisms and suggestions for improvement.
Because tne process is compiex, it defies simple remedies.

Pecause the process is dynamic, it rejects static solu-

tions. When simple, quick remedies and static solutions

fail, the scrutiny, criticism and suggestions intensify
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and multiply. Improvement becomes more crucial and dif-

ficult. Such is the case with the current problem of
'cost overrunms,'

The purpose of this research is to provide a bet-
ter understanding of the Department of Defense procure-
ment system. It searches for the causes of program cost
outcomes. A systems approach is used to address the
problem. The end goal is improvement of the procurement
process. The research concentrates on the procurement
of major aircraft modifications by the Air Force Logis-
tics Command (AFLC).

Understanding of a process leads to control. In-
telligent control can result in improvement. In order
to improve the process for procurement of modifications,
and to determine the causes of cost overruns, understand-
ing is necessary. An examination was made of this pro-
cess and the terms cost overruns, cost growth, and numer-
ous others. The evolution of the term cost overrun into
cost growth is traced. The distinction between cost
growth change categories and causes is made.

A literature search oriented toward cost growth
and its causes, especially on AFLC morification programs,
was conducted. The search indicated that the Air Force
Systems Command (AFSC) had borne the brunt of public and

congressional criticism on program and contract cost

growths. AFSC, responsible for the development and
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acquisition of new weapon systems for the Air Force,
had also been the subject of numerous studies and Con-
gressional inquiries. Minimal data was available on
modification program cost growth. Less information was
available on the causes for this phenomenon in AFLC; a
data base was lacking. Because of the decentralized
procurement policy of the Air Force and AFLC, detailed
program information on costs, schedules and performance
is available only at the Air Materiel Area (AMA) as-
signed Air Force responsibility for managing the pro-
curement and incorporation of the modification.

Two large aircraft modification programs were se-
lected for study. Case histories of each program were
compiled by record reviews and personnel interviews at

HQ AFLC and the AMAs. The programs studied were:

1. The C-130 Center Wing Class 1V Modification
directed by Warner-Robins Air Materiel Area and per-
formed by the Lockheed-Georgia Company.

2. The B-52 Stability Augmentation System Class
IV Modification directed by the Oklahoma City Air
Materiel Area, having kits manufactured by the Boeing-
Wichita Company and other vendors, and installed at

Oklahoma City and San Antonio Air Materiel Areas.

The purpose of the compilation of these historics was to
gain insight into the process, determine data availabil-

ity, and see if causes of the cost outcome could be
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determined. The investigation can be viewed as a pilot
study of cost outcomes on large modification programs.
It can serve as a departure point for construction of a
designed experiment; one which can objectively determine
cost outcome causes.

Models of the procurement proces: and program cost
outcomes were developed in order to relate the many
causes uncovered explaining the cost growth phenomenon.
Systems diagrams and matheratical models were developed.
Based on this modelling and the program reviews, a
methodology for investigating Air Force Logistics Com-
mand modification programs is proposed. The methodol-
ogy strives to determine the cost outcomes, and if cost

growth is occurring, its causes.

Conclusions

The compilation and study of two case histories in-
dicated that sufficient data is not readily available in
AFLC to determine program cost outcomes or their causes.
Until such data can be made available for analysis, sub-

jective judgments must play a major role in rendering an

after-the-fact, program-by-program answer to the question,

""What causes cost overruns on large modification programs?"

The total program cost is an additive figure of
Government and contractor incurred costs. To determine a
mod: fication program cost, all these costs must be recog-
nized and accounted for. At present, the AFLC ''cost of

modification' omits some of these factors. For example,

it B LA Ml el 0 v e
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} contractor incurred development costs are not included.
This fact accounts for part of the difference between

the USAF Approved and Extended Modification Program Cost

(MPC") on the C-130 Program. {Figure 6, p. 92)

The cost, schedule, and performance parameters of
any modification program are related. The program cost
can be described as a function of schedule and performs-
ance. To determine the causes of cost overruns requires

knowledge of comparable beginning and end points regard-

ing cost, schedule, quantity, and performance parameters.
The B-52 case history indicated such data was not readily
available. Schedules, quantities, and configvration of
the delivered modification kits were different from that
originally approved (p. 39). Lacking a priori trade-off
curves on schedule-cost-performance, or documented justi-
fication for changes, subjective judgments must be ren-
dered to adjust the data in order to determine the final
program cost outcome. Conservative adjustments show a
cost growth of 18% on the C-130 Program and 25V on .he
B-52 Progranm. i
Prior to August 1970, no official Department of De-

fense definition existed for the term ''‘cost overrun."

The pre-1970 interpretation of the term varied according
to the user's viewpoint, therefore past studies and in-
formation on cost overruns and their causes are often not
compaiable. For example, two HQ USAF studies conducted

in 1969 used entirely different definitions of "contract

I ———
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cost overrun" (pp. 15-16). 1In 1969 the term 'cost growth"
was introduced. In August 1970 the term ''contract cost
overrun" became a subcategory of cost growth. This situa-
tion created a communications barrier which still exists.
The current, standardi:zed DOD definitions need to perme-
ate all levels of AFLC procurement. Elimination of this
communications problem will focus needed emphasis on the
cost growth phenomena and aid future research.

Another conclusion of this research is that the sys-
tems approach is a useful technique for describing and
understanding the Department of Defense procureaent pro-
cess. By using this approach a model of the procurement
process is developed (pp. 43-56).

The value of the application of the systems approach
to this problem is its replacement of a parochial view-
point of the procurement process with a catholic view-
point. By using the systems approach and the procurement
process model one becomes aware cf the large number of
systems involved in the process and the multiplicity of
relaticonships which exist among these systems. The sys-
tems approach and model refute the notion that a single
cause is at the root of the totsl co<t overrun problem.
Also, it highlights the fact that changes or improveaments
made to one system do affect other systems. Most pre-
vious studies on program outcoaes concentrated on a sin-
gie aspect of the procurement process. The procurement

nrccess model 2ids in relating these studies, one to the
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other, and puts them in perspective to the total process

(p. 55).

By use of the model, a scheme for classifying
causes of program cost outcomes is developed (pp. 90-91).
Causes are classified as controllable or non-contvollable.
Contrcllable causes are assigned to one or more of the
systems in the procurement process model. Within the sys-

tem the cause is attributed to one of four decision func-

tion outputs: intelligence output, evaluator design, pro-

cess design, or process control. A scenario analysis with

C-130 program data exempiifies its use (pp. 98-99). Addi-
tional verification and extension of the mcdel is depend-

ent upon collection of the noted data.

From an examination of the case histories it was
concluded that these large modification prograams exhibit
the basic characteristics of major weapon system acquisi-
tion programs (pp. 40-41). It is shown that the procure-
ment process model 1is applicable to such modification
programs as weil as acquisition programs. [t was further
concluded that because of the similarity in the procure-
ment process for large modification programs and major
weapon system acquisition, the reasons uncovered o date
for explaining program variances in the latter may be .p-

plied to the former and vice versa. For example, acqui-

sition pr:_rams have long suffered from initial contrac-

tor and/or Government optimism. The case studies reveal

that optimistic proposal cost and schedule figures were

e
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used to sell the modification programs to HQ USAF. The
initi@l optimism was tempered when définitized contracts
were awarded. HQ USAF acceptance of.optimistiq original
estimate§ fesulted ir. the placement of tight‘financial;
schedule, and performance constraints and pressures on
broéram personnel. The result was that the vaernment
decision-méking process in these programs was heavily |
weighted t&ﬁard coét increase‘aVOidancet Schedule and
performance followed in that order of importance in the
décision-naking process. There wgS no indication that
this condition was limited to these two modificatinan pfo-

grams.

~

~,

Recommendations

"An objective of this research was to develop recom-

- mendations which would reduce or minimize unwarranted pro-

grdn cost growths. The reSearch indicates that two ave-
nues are, available wkich can lead to improvement of the

AFLC Modernization Program and achieve the above objec-

tive. One avenue is long-range in scope; the second can

provide short terr improvement,

i

As indicateu by the forezoing discussion, adequate

"information can not be readily ot“ained from available

sources to properly determine program outcomes nor their
causes. The long-range solution is to conduct a thorough

study of Class V and HQ USAF directed Class IV modifica-

. tion programs. Therefore, it 'is recommended that the Air

Force Legistics Command form an Ad Hoc Cost Research

i

|
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Group to investigate cost outcomes on large modification

programs. The Cost Research Group would first, collect

and analyze the data necessary to pinpoint significant

~ factors and causes of cost growth; and second, make recom-

mendations to the Commander, Air Force Logistics Command,
that would reduce or minimize unwarranted cost growths,
The Ad Hoc Coust Research Group should:

1.; Be chartered by the Commander, AFLC.

2. Consist of AFLC personnel. In addition to a
team leader, specialists would be required at least in
the areas of financisl management, contracts/pricing, pro-
visionihg, program management, and engireering. All
should be intimately familiar with AFLC and the Moderniza-
tion Program. The Research Group can be supplemented by
consultants. Air Force personnel knowledgeable in statis-
ti:s,;ecpnémics, data processing, law, ur other required
fields could serve on Qn 'as-needed' basis.

3. Study all active Class V and HQ USAF directed
Ci;ss IV wodifications as well as those completed within
the last yeaf.

4;. Use the concepts for data collection and analy-
sis presented in Chapter V, Process Evaluation, of this
thesis (pp. 79-91).

5. In conjunction with the DCS/Comptroller, develop
a Selected Modification Report (SEMORE). The Process
Evalﬁation concepts (pp. 79-91) and Cnclosure 1 to DODI
7000.3 (24) should be used to formulate the SEMORE. The

SEMORE would provide management visibility on modification




programs similar to the Selected Acquisition Report (SAR)

on development and acquisition programs.

If the following recommendations are implemented
by HQ AFLC, immediate improvement in the management of
large modification programs may be achieved.

1. Require that the need for any new modification
be more adequately justified and documented before pro-
gram initiation. T.ae documentation should reflect that
the increased effectiveness of the modification justifies
the total program cost. Reaffirm the role of the Con-
figuration Control Boards in assuring compliance with
this task. Adhere to established procedures for initia-
tion of a modification program. An AFLC Form 48 was not
submitted on either program initially; program approtv.i
was given on the basis of a HQ USAF briefing.

2. Require that the documentation for justifying
a cost increase be more detailed. The cause for the in-
crease should be provided as well as the action taken
to prevent recurrence. It should also be required that
the root causes tor schedule, quantity, and performance
changes be documented since the modification cost is a
function of their values (p. 28).

3. Require that one or more performance parameter
be specified and tracked for each modification similar
to present cost and schedule tracks.

This research uncovered areas worthy of additional

study. The procurement process model should dbe extended

oRpEaT
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to include nore systens‘(pp. 53-543. Within AFLC the
following topics should be researched:

1. A compilation of costs: types and amounts, at-
tributable to the Government and Air Force in modifying
a weapon system ‘.p. B83-84).

2. Development of performance-cost and schedule-
cost analysis techniques and'nomogrsphs for adjusting
original cost estimates (pp. 81-83).

3. The impact on the decision-making process and
program cost growth of the '"'average time" to process the
AFLC Form 48 through the Configuration Control Board.
Both programs experienced delays in processing these
forms through HQ AFLC for approval of program changes;
meanwhile daily program decisions had to be made at the
AMA,

4. Additional case histories should be compiled
along the linez of Appendices B and C; not only on air-
craft, but also on missile, electronic and ground equip-

ment modifications.
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APPENDIX A

GLOSSARY OF TERMS

Appropriation - An authorization by an Act of Congress

to make payments out of the Treasury for specified
purposes within a prescribed amount. (AFLCM 400-6)

Budget Authorization (BA) - The authority, when accom-

panied by a cash allotment, to incur a commitment
and obligation of the Government to pay funds.
Reference Procurement Authorization.

Budget Program (BP) Codes - A subdivision established

under an appropriation - identify a significant
segment of Air Force ope.ations by system or pro-
gram category.

BP-11 - A Budget Program under Appropriation 3010
for aircraft modifications; covers the cost of
the modification kit, installation engineering,
special tocls and technical data.

BP-15 - A Budget Program under Appropriation 3010
for replenishment spares required toc support
maintenance of aircraft and related equipment.

BP-16 - A Budget Program under Appropriation 3010
for initial spares and spare parts in support
of in-vroduction aircraft, modification of in-
service aircraft, direct AGE and training de-
vices,

6E - A budget code under Appropriation 4822, Air
Force Industrial Fund; covers cost of depot
maintenance., Previously referred to as DMIF
{(Depot Maintenance Industrial Fund).

6H - A budget code under Appropriation 4921, Air
Force Stock Fund; covers the cost of expense
type items. Reference BP-15.

.Change Order - A written order signed by the contract-

ing officer, directing the contractor to make
changes which the Changes clause of the contract
authorizes the contracting officer to order with-
out the consent of the contractor. (ASPR)
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Commitment - An amount administratively reserved for fu-

ture obllgxtlon against available funds, based upon
firm requisitions, purchase requests, directives
requiring commencement of actual procurement actions,
or other written evidence, on acceptable forms of
intention to incur ob11gat10ns. .

'Confxgurat1on Item (CI) « An aggregation of hardware or

'

software, or any of its discrete portions, that
satisfies an #nd use function and is des1gnated by
the Government for configuration management. Cls
may vary widely in complexity, size, and type--from
an aircraft or electronic system to a test meter or
round of a2mmunition.

i

‘Contract - All types of agreements and orders for the pro-
‘curement of supp11es or services. It includes

awards and notices of award; contracts of a fixed-
price, cost, cost-plus-a-fixed- fee, or incentive
type; contracts providing for the issuance of ijob
orders, or task letter thereunder; letter coatracts,
and purchase orders. It also includes supnlemental
agreements with respect to any of the foregoins.

Contract Modification - Aﬁy written alteration in the

specification, delivery point, rate of delivery,
contract period, price, quantity, or other centract
provisions of an existing contracct, whether accom-
plished by unilateral action in accordance with 2
contract provision, or by mntual action of the
parties to the contract. It includes (i) bilateral
actions such as supplemental agreements, and (ii)
"nilateral actions such as change ordess, adminis-
trative changes, notices of term1nat10n, and notices
of the exercise of a contract option. (ASPR) ‘

!

Contract Price - The sum total of a contrart coot and

proiit or fee, estimated or actual.

Cost Growth Categories (0SD Memorandum, S Aug 70)

Engineering Change - An alteration in the physical, |
o1 functional characteristics of a system or item
delivered, to be delivered, or under development,
after establishment of such characteristics.

Quan t Change - A change’in quantify tc be procured,

cest of which is computed using the original
cost-quant1ty estimating relationshiys, *hereby
excluding that portion of the curreut price at-
tributable to changes in any other category.
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Support Change - A change in support item require-

‘ ments (e.g., spare parts, training, anc:illary
equipment, warranty provisions, Govermment fur-
nished property/equipment, testing, etc.).

Schedule Change - A change in a delivery schedule,
completion date or intermediate milestone of
development or production.

Unpredictable Change - A change caused by Acts of
. God, work stoppage, Federal or State Law
changes or other similar unforeseeable events.
Unforeseeable events include extraordinary con-
tractual actions under the authority of PL
85-804 except that formalization of informal
- commitments should be reflected under the other
categories, as appropriate and not included
' under this category.

Economic Change - A change due to the operation of
one or more factors of the economy. This in-
cludes specific contract changes related to
economic escalation and the economic impact
portion of contract quantity changes computed
usirg the original contract cost-quantity re- '
lationship. This also includes changing real
dollar amounts in program estimates to reflect
(1) revised economic impact or (Z) definitized
contract amounts.

L ]

Estimating Change - A change in program or project
cost dué to refinements of the base estimate.
These include mathematical or other arrors in
estimating, changing the base year of the con-
stant dollars, revised estimating relation-
ships, changing from constant dollars to real
dollars, etc.

Contract Performance Incentives - A net change in
contractual amount due to the contractor's actu-
al performance being different than was pre-
dicted by performance (including delivery) in-
centive targets; as differentiated from cost
incentive targets; established in an FPI or
CPIF contract. This category also includes any
changes in amounts paid or to be paid a contrac-
tor due to (1) award fee for performance accom-

, plishments under a cost plus award fee contract
or (2) the sharing provisions of a value engi-
neering incentive clause included in any type
of contract.
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Contract Cost Overrun (Underrun) - A net change in
contractual amount over (uncer) that contem-
plated by a contract target price (FPI contract),
estimated cost plus fee (any type cost reim-
bursement contract) or redeterminable price
(FPR contract), due to the contractor's actual
contract costs being over (under) target or
anticipated contract costs, but not attributable
to any other cause of cost growth previously de-
fined, Offsetting profit or fee adjustments at-
tributable to cost incentive provisions, if any,
shall be considered in determining the net con-
tract cost overrun (underrun).

Expenditure - A monetary liability incurred for goods or
services received or assets acquired through contrac-
tual methods and payment made.

Expense Item - An unrecoverable or non-repairable type
item; an item that is normally discarded after its
service life is exceeded or if found to be .defec-
tive. Reference Investment Item.

Group "A" Kit - The items, parts, or components to be per-
manently or semipermanently installed in a Configura-
tion Item to support, secure, interconnect, or accom-
modate the equipment provided in the retrofit change
Group B kit. (AFR 57-4)

Group “"B" Kit - The equipment which, when installed in a
Configuration Item with a Group A kit, completes a
retrofit change. Normally, Group B items arc remov-
able. (AFR 57-4)

Industrial Priority Rating - A ranking of contract prece-
dence; the rating assigned to a Government contract
establishes the degree of precedence industry must,
by law, give to its execution in relation to other
contracts, There are two ratings: DX and DO; DX
has the highest national priority and ranks over DO
rated and unrated contracts.

Initial Provisioning - The process of determining the
range and quantity of spare and repair parts re-
quired to support and maintain new systems and
equipment during their initial period of operation.

Initiation - The submission to the accounting activity
of a purchase request for the procurement of material
or services where it is recorded in the accounting

records as part of the coordination cycle of the pur-
chase request.
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Inspect and Repair As Necessary (IRAN) - A program that
schedules contractor or depot facilities or teams for
the accomplishment of maintenance on aircraft and
missiles not included under the modernization pro-
gram,

f Inventory Marager (IM) - The AFLC AMA with management
: responsibility for commodity-type items by Federal
Supply Class. (AFR 57-4)

Investment Item - A recoverable or repairable type item;
an item that is normally repaired and put back into
serviceable assets, Also called a replenishment
type item. Reference Expense tem.

Life Cycle Cost Element Categories

Acquisition Cost - The sum of the unit prices for
the line items of hardware, data, and services
being procured.

Initial Logistics Cost - The one-time logistics costs
which are identifiable and would be incurred by
the Government for the item being procured.

&*} Recurring Cost - The cost incurred by the Government
1n connection with the operation, maintenance,
and management of the item being procured.

Modification - A change which: (1) Is temporary and nec-
essary to accomplish a special mission for a special
purpose; (Z) Satisfies a requirement for testing or
production corntinuity; (3) Corrects a deficiency re-
vealed after transfer of retrofit change responsibil-
ity from AFSC to AFLC; or (4) Satisfies a require-
ment for a new capability that is determined after
the CI product base line has been established.

(AFR 57-4)

Obligation - Commitments made by Federal agencies to pay
out money for products, services or other purposes--
as distinct from the actual payments. Obligations

) incurred may not.be larger than the budget authority.

Over and Above Work - Repair, replacement or other work
performed by a contractor on Government owned equip-
ment which is 'over and above' the originally speci-
fied work requirement. Corrects deficiencies un-
covered in Eerfor-ance of specified task, and is
usually authorized only to remove s safety-of-flight

; deficiency or when deemed to be in the best interest
- of the Government.




Procurement - Includes purchasing, renting, leasing, or
otherwise obtaining supplies or services. It also
includes all fuva:ticns that pertain to the obtain-
ing of supplies a.d services, including description
but not determination of requirements, selection
and solicitation of sources, preparation and award
of contract, and all phases of contract administra-
tion. (ASPR)

Procurement Authorization (PA) - The authority to pre-
pare a purchase request and release to the procure-
ment organization for negotiation up to, but not in-
cluding, commitment of funds. Reference Budget
Authorization.

Retrofit Change - A consiiguration change that is accom-
plished after production delivery. The tesym in-
cludes modifications and updating changes. (AFR 57-4)

Stock Fund - A working-capital fund established to pro-
vide a simplified means of financing and accounting
for the purchase, holding and sale of common use
items,

Systems Support Manager (SSM) - The AFLC AMA organiza-
tion delegated the overall management responsibility
for a given weapon system and its complete inte-
grated support posture.

Time Milestone (Ty) - An established point in the chronol-
ogy of a modification program.
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APPENDIX B
C-130 CENTER WING PROGRAM

This appendix presents a chronological accountiag
of the total C-130 Center Wing Program. The program was
conceived to permanently eliminate fatigue cracks in the
center wing section of C-130 aircraft. There is one HQ
USAF directed Class IV modification, No. 10009, in the
program. This modification is for the development, fab-
rication, and installation of a new center wing box beam
structure. The fatigue cracked, old center wing box
beam is replaced under Modification 10009 by the new
structure at the Lockheed-Georgia Company under an Air
Force contract let by the Warner-Robins Air Materiel
Area. )

The C-130 Center Wing Program has many facets.
Discussion of these other aspects is necessary to under-
stand the role of Mod No 10009, and to serve as a basis
for discussions in other sections of this thesis. Fig-
ure Bl presents a program summary. The summary spans
nine fiscal years and depicts the program as it had oc-
curred and was envisicned as of September 1970. 3Besides
the aircraft modification, the nrogram encompasses in-
spections of the aircraft, development and installation

of repair kits, engineering tests and data gathering
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PROBLEM PHASE FY SEQUENCE OF EVENTS
|
Definition 66 C-130 Wing
Cracks k Appesr
67
Field
Inspections
Temporary Flxes
Analysis 68 Field Loads/FLMP Loads/Data
Inspections Contract Contract
Permanent Fix
Neveloped
69
Modification Fatigue Test
. 70 Concract Contrac?
Correctlion 71
72 I
Evaluation 73

Figure B1.

C-130 Center Wing Program Summary.
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programs. There are six contracts related to this prec-
gram, two of which are follow-on efforts. These con-
tracts and their rclationship to the total program will

be the subject of subsequent sections in this Appendix.

Background

The C-130 is a cargo/transport aircraft, powered
by four turboprop engines, develcped and produced for
the USAF by the Lockheed-Georgia Company, Marietta,
Georgia. It has been in production since 1952 and as
of September 1970 more than 1100 have been manufactured.
There are currently 29 models and 45 versions of this
aircraft. Although the primary mission of the USAF
C-130 is tactical airlift, other modcls and versions
have been manufactured for a variety of military mis-
sions such as command and control, search and rescue,
and air-to-air refueling. In addition the US Navy,
Coast Guard, civilian companies and foreign governments
have puichasad C-130 aircraft. The System Support man-
agement functions for C-130 aircraft are the responsi-
bility of the Warner-Robins Air Materiel Area (WRAMA),
Robins AFB, Geo1r::a.

The C-130 aircraft wing structure is in three
parts: a center wing and twe outer wings. The center
wing box bcam comprises the middle portion of the cen-

ter wing which is attached to the upper part of the
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fuselage. Two 7/ the four turboprop engines are at-
tached to the center wing. Fixed to the center beam
are the outer wings, right and left, with the remaining
engine assemblies.

The C-130B and C-120E model aircraft represented
a8 technolorical advance over the earlier C-130A model
by providing for an increase in range, payload and fuel
capacity to meet new operational requirements. The in-
creased fuel capacity was achieved by adding fuel cells
to the center wing cavity. This change necessitated
fuel filler neck cut-outs, access doors, and the instal-
lation of internal doublers and I-beams to restore load
carrying capabilities. These changes resulted in areas
of high stress concentrations which later led to crack-
ing in the cut-out areas and in the associated backup
structure.!

The first fatigue failure occurred in February
1965 at an vpper wing panel fuel filler neck on a fatigue
test article at the Lockheed-Georgia Company, hereafter
referred to as Lockheed. The fatigue test proeram, con-
tracted for by the Aercnautical Systems Division (ASD)
of the Air Force Systems Command (AFSC), was designed to
determine the fatigus endurance of the C-130 aircraft
and its components. First cracking of C-130 fleet air-
planes was repcrted in early 1966. Inspections and

field fixes were made on these aircraft. The fatigue
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test articles at Lockheed also predicted failure of

other areas at various flight hours. However, no fail-
ures were discovered in the C-130 B/E force in 1966,2

In January 1967 cracks in the lower surface of the
center wing of a fleet airplane were observed. However,
during the period February 1965 through July 1967 sample
inspections on the operational fleet reported negative
findings other than noted above. In the 1966-1967 time
frame Lockheed had performed engineering tasks for WRAMA
Service Engineering to design and test upper and lower
wing surface repairs. In August 1967 cracks of 3"-5" were
discovered in a Pacific Air Force (PACAF) C-130 aircraft
receiving IRAN (Inspection and Repair As Necessaryj. Sam-
ple inspections of C-130 in WRAMA IRAN facilities confirm-
ed the need for immediate inspection of the entire C-130

force.3

In June 1967, Lockheed representatives approached
HQ USAF personne! desiring 7> apprise the Air Staff of
fatigue test program results and requesting to brief the
Air Lift Panel. HQ USAF directed that the presentation
first be given to Headquarters, Air Force Logistics Com-
mand (HQ AFLC) and WRAMA. The Lockheed briefing to HQ
AFLC was based on statistical data regarding Southeast
Asia (SEA) operations and information obtained from
fatigue tests. Lockheed was recommending that considera-
tion be given to a new center wing section and a new land-

ing gear to enable the C-130 to continue assault missions

through the 1970s. Lockheed also recommended
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consideration of a flight safety technical order to in-
spect the fleet. WRAMA did not concur in the Lockheed
position regarding safety of flight and structural in-
tegrity since they did not believe the data was factual.
Lockheed briefed H§ TAC (Tactical Air Command) on 21
June 1967 on this subject. Between 21 June 1967 and
early August 1967 Lockheed gathered more factual data
regarding the assault type mission of the USAF C-130.
This effort culminated in Engineering Test Proposai (ETP)
749, Modified C-130E Advance Assauit Program, dated 21
August 1967. Lockheed briefed WRAMA on this ETP on 23
August 1967. HG AFLC, HQ TAL and HQ PACAF had heard of
the study and requested briefings, but the latter two
were never held.’

ETP-749 proposed modification of the C-130E air-
plane by installation of high flotation landing gear, a
new center wing and a fuel tra;sfer system. The ETP
also raised serious qu.stions as to the economic safe
life of the airplane structure if the airplane continued
to operate in the SEA environment, which was quite dif-
ferent from that for which it was designed. WRAMA took
exception to the severity of SEA operations expressed

by Lockheed.S

Inspection and Repair

The AFLC Commander was briefed on the fatigue prob-

lem by WRAMA on 1 September 1967. As a result, Technical
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Order 1C-130-798 dated'lz SeptemBef 1967, was published

' to inspect specified areas of the center1w1ng for cracks

on all series C-130A, C-130B, C- 130D and C-130E a1rcraft
us1ng dye wenetrant and black lxghts. Contracts were
awarded to Lockheed Air Service ahd Lear Seigler InCOfPOﬁ

rated to partxc;pate in con;unct1on with depot f1e1d

teams from WRAMA to acComplxsh this 1nspect1on at bases

where these C- 130 aircraft were assxgned "All aircraft

|

in WRAMA IRAN fac111t1es were 1nspected concurrently
Wlth'IRAN. ~ From 15 September 1967 to 10 November 1967,

out of 587" a1rcraft 1nspected 276 were found to have

'cracks Reinspection qf axrcraft w1th cracks was directed

by the AFLC Commander to determine the rate of propaga-
Fion and coﬁfirm earlier inspections. This was completed
in January 1968. Inspection incervals were established
‘;6 keep track of the fatigué crack probiem in the C-130
fleet. By June 1968, 388 aircraft were found to have a
total of 6,187 cracks, of which 450 were 1/8" or greater.
The 388 aircraft were cdmprised of 8 C-130A, 105 C-130B,
268 C-130E and 7 nC-1304.7

| | Repair crack criteria were cscabiished and tempo-
rary repeirs effected. AFLC purchased repair kits on a
limited basis from Lockheed pending a decision on a
permanent‘fix. tngineering Change Proposal (ECP) 912 kit
was for repair of the upper surface of the center wing;

ECP 939 kit was for the repair of the lower surface, and

i
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- ECP 941 kit for the spar. The kit nomenclature of ECP
stems from fhe:Engineering Change Proposals Lockheed
submitted to the Air Force to manufacture and deliver
these kits. As of May 1968 the inspection effert had
cost approximately one million dollars.8 The inspec-
tion of an airéraff and the installation of repair kits
‘as qecessary‘were‘in effect until the aircraft received

a new ceuter wing.

v

Analzsis

'Concurrent with the inspection sffort, a C-130
Control Center and five working panels were established
by WRAMA effective 1 September 1967. The center and
panels, with membership from various Air Force and in-

.dustry groups, was charged with monitoring the inspec-
tion and repair effort, collecting and analy;ing nis-
ﬁorical environmental and current operational data on
C-130 aircraft, and detcf-ining and analyzing correc-
tive hardware changes. A C-130 Loads Measurement Pro-
gram was the task of Panel IV. Since the work of this
panel involved four of the six contracts mentioned ear-
lier, it will be dealt with in more depth in subsecquent
paragraphs.

The studies conducted by the various panels were
essentially completed by March 1968. They identified

the accelerated fatigue damage problem as being p. marily,
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but not solely, causcd by the environment the airplanes
are exposed to in the SEA operation. The C-130 Loads
Program identified the ground operétion, taxi, take-off,
landing, and roll as the most damaging.g |

The C-130 Loads Measurement Program could be de-
scribed as two concurrent programs or phases. The first
phase consisted of establishing an air/ground environ-
mental loads program to determine the quantitative loads
being transmitted to the airframe during the ground en-
vironment under all present runway conditions. This
phase had five tasks: (1) The Limited Loads Program
(Quick Look) which was designed to confirm as early as
possible the operating stress levels produced by SEA en-
vironment, (2) The Environmental Loads Recording and
Analysis Program (ELRAP) which was established to pro-
vide and define SEA operational data on a continuing
basis, (3) The VGH Program to verify and supplement the
mission profiles and opecrational usage of the C-130
fleet, (4) The Taxi-Air-Ground (TAG) Program to serve
as the baseline for all of the environmental loads pro-
grams, and (5) the Airfield Data Program to define air-
field c' 'racteristics. The sccond phase of the C-130
l.oads Mcasurement Program was to establish and implement
an 'Equivalent llour' program to permit assessing the
fatigue damage which accrues to each airplane resulting

from its daily operational use.xo The fleet inspection
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data described in the previous section and the above
five tasks of the first phase were to provide input to
this 'E-Hour' Program,

Two contracts were initially awarded to industry
in connection with the C-130 Loads Measurement Program.
These contracts were F09603-68-C-1397 with Te:hnology,
Inc., Dayton, Chio and F09603-68-C-1235 with the Lock-
heed-Georgia Coipuny. Marietta, Gecrgia.

Contract FN9603-68-C-1335 with Lockheed was in ef-
fect as of 17 January 1968.ll A letter contract pro-
vided for Lockhe;d to provide specialized engineering
services required :o accomplish the following four con-
tract items: (1) Fatigue Life Monitoring on C-130 air-
craft, (2) C-130 Taxi-Air-Ground (TAG) Program, (3)
Phases I] and II1 of the LEnvi.onmental Loads Recording
and Arnalysis Program (ELP) and Quick Look Program (QLP),
and (4) C-130 Airifield Data Measurement Survey (AD).
Work specifications described the actions required under
each contract item above. The letter contract, dated 1
May 1968, obligated $1,267,294.50 and contemplaZed a
Cost Plus Fixed Fee (CPFF) type definitive contract with-
in 155 days. Contract Modification P003, 13 November
1968, definitized the letter contract into a CPFF type
at a total price of $5,257,772, The cost and fee break-

out by contract items is shown in Table 1B.
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Contract F09603-71-C-0700, awarded 6 August 1970

to Lockheed continued the purchase of specialized cn-
gineering services’ required to accomplish the Fatigue

Life Monitoring Program on C-130 aircraft through 30
June 1971.

extend it through FY 72.

fees are shown in Table 2B.

Table 2B

Cost/Fee Breakout for Contract F09603-71-0700

It is a CPFF type and contains an option to

The estizated costs and fixed

FY 71 Fy 72 Total
Estimated Cost $829,493 641,747 1,471,240
Fixed Fee 70,507 54,548 125,055
Total $900,000 696,295 1,596,295

Source: Official Contract File, WRAMA (PPCA)

To summarize, if the above costs and fees hold,
the FY 72 option exercised, and the final figures on
Contract-1335 remain approximately the same, the total
estimated price for all these specialized engineering
services from Lockheed will be $7,971,738.

Technology, Inc. was authorized by WRAMA on 17

January 1968 to proceed on Contract F09603-68-C-1397

i st —
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to provide contractor services to conduct a velocity,
accelerometer loads altitude recorder program on C-130

aircraft.lz

This effort is associated with the VGH
Program described in Task 3 of the Loads Measurement
Program. The price of this CPFF type contract through
FY 70 and Contract Modification P004 was $970,836. Con-
tract F09603-70-C-1825 continues this effort in FY 71

at an estimated price of $747,438. Thus the total asti-

mated price of the Technology, Inc. effort is 31,718,374.13

Modification Progran

This section presents a chronological history of
that part of the C-130 center wing program which deals
with the actual modification, i.e., replacement of tie
center wing hox beam structure and associated components
on fleet C-130 aircraft. Also included is a discussion
of the new C-130 fatigue test program. Twoc contracts
are involved, F09603-68-C-2530 for the modification, and
F09603-68-C-2956 fcr the fatigue test program.

The fleet inspection effort and the work of the
C-130 Control Center and Panels continued during the
fall of 1967. A C-130 Structural Problem meeting was
held at HQ AFLC on 19 December 19&67. The objective of
this meeting was tn assess reinspection results and
anaiysis, and to determine the future course of action

on the progral.l‘ HQ AFLC, ASD, WRAMA and Lockheed
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representatives attended. The meeting resulted in the
continuation of inspections, establishment of inspection
intervals, an expanded analytical inspection progranm,
direction to pursue portions of the loads measurement
program as rapidly as possible, as well as testing of a
landing gear modification. Thke inspections and instal-
lJations of repair kits would assure structural integrity
until the mest appropriate long term solution could be
detérmined. When the expected lifetime of the aircraft
and its continuing mission as an intra-theater assault
transport were considered, it was indicated that there
was a likelihood that the most appropriate long tera so-
lution would involve structural changes to reduce stress
levels in the center wing. A rough preliminary estimate
for this course of action was given as approximately
$125,000,000. over a three year period beginning in
FY 69.1°
The work of the Control Center, Panels and other
NRAMA organizations culminated in briefings at HQ AFLC
and HQ USAF on 28 March 1968 and 3 April 1968 respec-
tively. The briefings included a review of inspection
findings, the loads measurement program, an analysis of
possible fixes znd recommendations. The briefings were
based in part on information supplied by Lockheed in its

ETP 782, forwarded to WRAMA on 5 Febiyary 1968. It con-

3tituted the Best Estimate (BE) available and was joint-

ly arrived at by WRAMA and Lockheed.




e e st i —— —— el

139

Some of the significant briefing facts follow:16

1. As of 15 March 1968, 338 of 688 C-130 aircraft
in the inventory had cracks: 97 of 117 C-130B, 230 of
309 C-130E and 11 of 262 other C-130 modcls.

2. Four alternative fixes were considered as most
feasible and presented:

a. Doubler repairs (ECPs 912 and 939).

b. Replace panels with C-130K design.

c. Replace panels wish an improved design.
d. New center wing box beam.

3. Recommendations.

a. Procure the landing gear modification con-
tingent on test results.

b. Procure new center wing.

c. Procure fatigue test program for new cen-
ter wing.

d. Procure ECP kits as necessar)y pending
wing modification.

4. If the above recommendations were approved,
costs for the four fiscal years were to be as shown 1in
Table 3B, with a total program cost of $77.8 million.

S. The schedule details of the briefing are also
shown in Table 3B. The details were based on a contract
go-ahead of 1 April 1968. A work day flow time of 1
days per sircraft, which equates to about 30 calendar

days based on a 5 day work week, was estimated. The

unit cost was estimated at $0.176 million/aircraft.

Both HQ AFLC and liQ USAF approved the recomuenda-
tions as presented. However, HQ USAF requested an Ad-

vanced Procurement Plan (APP) in accordance with ASPR,
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C directed the program to proceed to procure and install

the new center wing assembly on all C-130B/E aircraft,
and accepted the budgetary estimate of $77.8M for the
total program for planning purposes. Refined costs and
schedules were to be made available as soon as possible.17
(Researcher's Note on the 28 Mar 68 Briefing. The
schedules and costs were based on 400 aivrcraft, but the
inventory contained 426 CLISOB/E.aircraft. In addition,
¢2 HC-130H/P aircraft were in the inventory, and some H

mcdels had been found to contain cracks. The 21 workday

flow time was at steady state; longer times were antici-

pated during startup. A warranty for the new center
wing was offered by Lockheed and contemplated by WRAMA,
but not priced. Mutual agreement had not been reached
on terms and conditions. If the totals for the new cen-
ter wing and 'over and above' costs are summed, the
totali cost is $74.4M.)

‘The AP was approved by the WRAMA Commander on 11

April 196813

and presented to lIQ AFLC and HQ USAF in
written and briefing form on 24 and 25 April 1968 respec-
tively. The significant variations from the 28 March

1968 briefing are listed below.19

1. The plan discussed only the center wing modi-
fication for 400 aircr~.ft; no costs were given for the

fatigue cest program, landing gear modificat.iun, or war-

(‘ raht)’ .




2. The plan was predicated on a 1 June 1968 con-

tract award.

3. The schedule shown in Table 4B could be
achieved only if a DX priority rating was obtained on
long lead time items.

4. First aircraft input for modification would
be output in 32 workdays with 21 workdays reached on the
twelfth aircrafe,

5. Note was made in.the plan that the Navy had
66 C-130 aircraft and the Coast Guard 13 C-130 aircraft
which could be added to the program.

6. A single contract would be used for the total
procurement; a letter contract to be issued initially,
later toc be definitized as a Fixed Price Incentive Suc-
cessive Targets (FPIS) type.

7. Lockheed was to be requested to include an
appropriate warranty provision in their proposal.

8. The Fiscal Year funding by Budget Program (BP)
was as in Table 4B. Included in these figures are the

$4.1M for 'over and above' work.

Approval of the APP by HQ USAF was received on 26
April 1968; however WRAMA was directed to consult with
ASD on the contract type and with JAMAC relative to
securing materials without a DX rating.zo
In this time period an AFLC Form 48, a Configuration

Control Board (CCB) Item Record, for the center wing
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USAF active inventory were to be modified according to
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nodificatioﬁ and beef up of the upper rib caps on both
outer wings was submitted for rccord purposes only. It
was approvéd by the‘NRAMA CCB on 12 Apri) 1968 and by
‘the AFLC CCB on 24 April 1968. Costs, schedules and
vdther information were the same as the APP.
Modification Program Directive (MPD) No. 10009
was issued by HQ USAF on 15 May 1968. Significant
changes from the APP or noteworthy items are listed be-

low.u’z2

1. A DO industrial priority rating was authorized.

2. Four hundred (approx) C-130B/E aircraft in the

the DX schedule in the APP (Table 4B).

3. Flow times were not to exceed 30 calendar days
when the schedule reached 15 aircraft per month.

4. No peculiar or additional AGE were to be re-
quired; first year spares (FY 69) in an estimated amount
of $43,100 would be required.

5. No BP 15400 funds were approved, other funds
were approved as in the APP; total equalled $74.7M.
Reference Table 5B.

6. A cyclic fatigue test program, at an estimated
cost of $3.4M was to be accomplished with multiyear fund-

ing in the AFLC Aircraft Structural Integrity Program
(ASIP).




7. The procurement contract would include aqﬂ'ap-

propriate fatigue life design warranty for the new cen-
ter wing, which would be tied to the cyclic fatigue test
program.

During May and June 1968 negotiations were in pro-
gress for award of letter contracts on the modification
and fatigue test programs. Now, this chronological his-
tory will separate the two programs. The wing modifica-
tion will be co;ered first.

A letter contract, F09603-68-C-2530, was issued
to Lockheed on 13 June 1968 obligating $3,860,000. The
contract was for the engineering, design, fabrication,
installation, data and spares of a modified center wing
applicable to the C-130B/E aircraft. The contract con-
templated a FPIS or Fixed Price Incentive Fixed Fee
(FPIF) type contract to be definitized within 180 days.
The contemplated schedule was 52 aircraft (input) in
FY 69, 180 in FY 70 and 168 in FY 71. This scnedule was
contingent on the Government providing the contractor

with a DX rating.z3

Work was to be accomplished in ac-
cordance with engineering specification WRNEAS 68-22-C130
until the Lockheed Engineering Report ER/P-9262 was ap-
proved. This ER/P was originally dated 30 Apr 68, then
reviscd on 23 May 68, 28 Jun 68, and 17 Dec 68. The

landing gear modification was never procured as the de-

sign became more complex and expensive.




The lettcr contract was definitized by Contract
Modification P207, dated 31 July 1969, ani will be dis-
cussed later. In this time frame of June 1968 to July
1969 contract change orders obligated an additional
$23,153,003 in order to cbtain long lead time items and
avoid work stoppages, provide funds for fabrication and
instsllation of outer wing rainbow fittings to be dis-
cussed below, and to change the quantity of FY 69 and
FY 71 aircraft from 52 tc 53 and 168 to 167 respective-
1y.2‘ Also, the first aircraft was input on 14 Novem-
ber 1908 and output on 5 February 1369.

In-service and fatigue test article failures iden-
tified the wing joint (center to outer wing) as fatigue
sensitive in addition to the upper and lower surfaces
of the center wing section noted carlier. The APP and
MPD costed for and recognized that changes to the center
wing fitting, commonly and hereafter referred to as the
'rainbow fitting' because of its shape, would be neces-
sary to improve the fatigue resistance of the fitting.
These changes included reprofiling, shotpeening and
finish change. Ilowever, in order to maintain the in-
tegrity of the wing joint, new rainbow fittings are
25

also necessary on the outer wings. The original modi-

fication program and original statement of work did not
include replacing the outer wing rainbow fittings.26

The replacement of the outer wing rainbow fittings could




be accomplished during depot level, scheduled mainten-

ance, however additional IRAN maintenance funds would
be required since engine and wing removal was not re-
quired under the IRAN program, in effect at that time,
for all aircraft. Additional downtime for the aircraft
would also occur. lowever, this expenditure of time
and IRAN funds could be saved by having Lockheed per-
form this effort at the time the outer wings werc re-
moved from the aircraft for the center wing modifica-
tion. This effort was contemplated by WRAMA as early

27

as April 1968. The Lockheed work specification was

changed 17 December 1968 to incorporate this additional

vork.28

An AFLC Fm 48 for -° outer wing rainbow fit-
tings to modify 370 aircraft was presented to HQ AFLC
by WRAMA on 12 February 1969, atter the D-17 report, as
of 31 Dec 68, 1eflected a cost increase for Mod No
10009; a cost increase which Lockheed indicated would
be $i7,221,687. The AFLC Fm 48 was held in abeyance

by HQ AFLC because of the attendant price increase.29
While WRAMA sought alternative metnods of accomplish-
ment, Lockheed had placed an order with the Rohr Corpo-
ration for the rainbow fittings and $325,000. had been

30 After considerable involvement and discus-

expended.
sion among HQ USAF, HQ AFLC, WRAMA and Lockheed person-
nel, a briefing by WRAMA to HQ AFLC om 21 April 1969 re-

sulted in approval of the installation of outer wing
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rainbow fittings by Lockheed. This approval was to be
officially granted when WRAMA submitted a Form 48 for

a new Class 1V -odificuion.31

A new AFLC Fm 48, In-
stallation of Improved Outer Wing Rainbow Fittings,
C-130B/E Acft, was approved by the WRAMA CCB on 12 May
1969 and by HQ AFLC CCB on 28 May 1969. This modifici-
tion did not need HQ USAF approval since it was not
identified to Mod No 10009, and the cost for any fiscal
year was n;t greater than five million dollars. The
total approved cost was $8,040,952; by fiscal year;

FY 69 = $1,191,865., FY 70 = $3,614,241., FY 7] =
$3,234,846. The program covered the installation of im-
proved fatigue resistant outer wing rainbow fittings on
400 aircraft concurrent with center wing modification No

10009. 32

The first outer wing rainbow fittings wcre in-
corporated on aircraft number C046 which was input 13
June 1969. At this same time discussion ensued about
replacement of engine truss mounts concurrently with
the outer wing rainbow fitting replacement Since 1t
was never approved by HQ AFLC, it will not be discussed
in this study.

Other aajo. issues during this time period in-
volved the contract warranty provision, spares, and re-
imbursement for Government Furnished Material (GFM)

from the Depot Maintenance Industrial Fund (DMIF). An

AFLC Fa 48 was submitted to HQ AFLC by NRAMA on




149

12 February 1968 for a cost incress  of $5,870,000 for
warranty ($2.2M), fatigue test ($1. .., and GFM ($2.2M).

33 that al-

The reasons given for the cost iacrcase vere
though the initial program (MPD, 15 Mey 196R) estad-
lished a requirement for warrsnty, teras and costs were
then unknown and thus unfunded; the initial program did
not include funds for GFM; begianing 1 July 1968 opera-
tion under DMIF had commenced. The $2.2M for GFM was
established based on a contractor billirg of $11,000 for
two aircraft, i.e., 400 acft X $5,500. The fatigue test
portion will be discussed later. The HQ AFLC CCB held
the Form 48 in abeyance awaiting clarification and se-
validation. Because of the attendant cost increase,

34

pressures to remain within prograx funding, and fund-

ing problems,z'S

the 21 April 1969 briefing (referznce
rainbow fittings) by WRAMA at HQ AFLC resulted in the
warranty being deleted and a new Form 43 to be submitted.
The new Form 48 was approved by WRAMA on 12 May 1969 Jor
a cost increase of 32,602,396 for GFM ($2.2M) and spares
($0.4M) not previously identified. The HQ AFLC CCB did
not rpprove the Form 48 until 27 August 1969 after con-
tract definitization.

The letter contract, L/C F09603-68-C-2530, was
definitized by Contract Modification PZ07, 31 July 1969.

Contractor cost proposals, Government field analyses

and audits were submitted and negotiations conducted
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‘ - from August 1968 on. The definitive contract was negoti-
ated as a FPIF type, 70/30 sharing, 119% ceiling, 10.5%
profit, at a total target price (TTP) of $79,630,709.

Recall that the letter contract was based on 400 air-

craft. A need existed, prior to negotiation, to in-

crease the FY 71 option by 12 aircraft from 167 to 179

36

to cover 12 Coast Guard aircraft. Thus, the defini-

tive contract was for the modification of 412 aircraft..

As of September 1970 there were 23 change orders
on this contract. The first six, P001-P006, were incor-
porated into the definitive contract by PZ07. A brief
description of the remaining changes is provided.37

P008-15 Aug 69: An administrative change of con-
tract item numbers on an accounting document.

P009-8 Dec 69: Allows substitution of 3 Coast
Guard aircraft for 3 USAF aircraft in FY 70; total obli-
gation increased to $57,213,141; USAF obligation de-
creased by $551,220., USCG set at $617,520., difference
is due to additional USCG money for over and above work.

P010-3 Dec 69: increases the amount of USAF FY 70
funds obligated for over and above (Contract Tteaw o) and
materia' support (Contract Item 5AB) by $987,000.

P011-21 Jan 70: Change in work scope: aircraft input
with H-type wing, should have E-type wing. Reference P020.

P012-24 Mar 70: Specification change rote (SCN) 10
and 11 added to ER/P-9269. Schedule adjustments made at
no cost.

] P013-27 Feb 70: Allows substitution of 3 more USCG
aircraft for 3 USAF aircraft in FY 70, no change in
total obligation, but increase in USCG obligation of
$575,404 and corresponding decrease in USAF obligation.

PO14-12 Feb 70: Same problem as PO11l.

P015-26 Feb 70: Incorporates provisions for furnish-

B ing special production tooling and test equipment as Gov-
ernment Furnished Equipment (GFE) to Lockheed at no change {
in price.

- I
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P0O16-13 Mar 70: Allows for expedited delivery of
six spare parts at no change in price.

PO17-15 Apr 70: SCNs 12 and 13 to ER/P-9269 added;
schedule adjustments made at no cost.

P018-16 June 70: Accelerates schedule; S aircraft
from FY 71 moved into FY 70, sdditional USAF obligation
of $944,560 made.

P019-1 Jul 70: Exercises FY 71 option to modify
center wing on 174 C-130 B/E aircraft in FY 71; obligsates
an additional $24,340,335.

P020-20 Jul 70: Definitizes P0ll and F 14 and re-
sults in deobligation of $19,018.

P0O21-21 Aug 70: Incorporates a revision to work
specification on over and above items at no change in
price.

P022-(In negotiation): For supplies and services
to accomplish engineering, fabricaticn, installation,

data and spares for installation of fatigue sensors in

the wings of 80 C-130B/E aircraft. Price estimated at
$498,300.

P023-4 Sep 70: Obligates an additional $420,000.
for the switch of 42 aircraft in FY 71; replaces the
planned 42 USAF C-130B/E aircraft with 25 USAF HC-130H/P
and 17 USN XC-130F and EC-130G/Q aircraft. The actual
price to be negotiated later.

It should be noted that the USCG paid for their
six aircraft on this USAF contract via direct cite. The
USN will reimburse USAF, since they requested this modi-
fication via a Military Interdepartmental Purchase Re-
quest (MIPR). As of September 1970 the USCG had obli-
gated $1,126,624 and the USN had provideld USAF $2,714,000
via MIPR.

By [ecember 1963 WRAMA engineering approval had

been given on performing the center wirg modification
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and installa.’on of the improved outer wing rainbow fit-
tings on 60 USAF HC-130H and HC-130P aircraft assigned
to the Military Airlift Command (MAC).>%:39 Eleven
HC-1304H/P aircraft had experienced center wing panel
cracks. AFLC Fms 48 for this effort were approved at
YRAMA on 26 March 1970 and HQ AFLC on 8 April 1970. The
cost for the center wing modification was estimated at
$10,723,085. and for the outer wing rainbow fittings at
$1,249,160. Twenty-five aircraft were'scheduled in FY 71
and 35 in FY 72. The HC-130H/P modification was not ap-
proved since the problem had not become critical con those
aircraft. The modification had to be accomplished at
this time while all necessary tooling was nvailahle.‘o
HQ USAF issued MPD ‘azendment 1 to Class IV Mod No 10009
on 15 May 1970. This amendment increased funds on Mod
Neo 10009 by $10,:23,085 to $88,025,481; thereby includ-
ing the modification of 60 HC-130H/P aircraft starting
in July 1971 and completing in March 1972.‘1 Recall at
this point that the outer wing rainbow fittings are not
associated with Mod No 10009,

At the time this research was conducted there were
no apparent, current problems of any cignificant magni-
tude. NMinor input/output schedule problems were occur-
ring, as were other administrative 'fire-fighting' de-

tails, but major program fluctuations were not present

nor predicted.
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The next two paragraphs of this chrorological his-
tory deal with the fatigue test program for the C-130
aircraft with a new center wing. Recall that the brief-
ing of 28 Mzcvch 1968 and the APP and MPD contemplated a
fatigue test program. The estimated cost of this pro-
gram in the MPD of 15 May 1968 was $3.4M, and was btased
on figures in Lockheed‘'s ETP 790,

A letter contract, F09603-68-C-2356, was awarded
to the Lockheed-Georgia Company on 29 June 1968. This
contract, sometir s referreda to as the 'shaker ccntract,'
required the contractor to (1) fabricate a new test speci-
men, fuselage barrel and center wing, (2) conduct a test
for four lifetimes or 40,005 test hours, which equates
to 10,000 flight hours, and (3) design and test all re-
quired repairs. The letter contract for these special-
ized engineering services and datz for the C-13CB/E full
scale fatigue test obligated $250,000. Change Order
P001, 5 March 1969, obligated an additional $218,672.

The contract was definitized by PZ0N2 on 28 May 1969 as a
Cost Plus Incentive Fee (CPIF) type and the total obliga-
tion was raised to $1,485,2'5. Change Order P003, 15
July 1969, exercisec the FY 70 option and okligated an
additional $669,000. All other contract changes were
minor and/or related to repair of the test article ex-
cept PC11, 15 .July 1870, which exercised the FY 71 op-

tion. As of P01l the total price, cost plus fee, was

sekiicla,
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$2,791,179. This price funds the fatigue test program
through FY 71, except for any costs incurred for repair-
ing the test article due to test failures. The esti-
mated prices in the contract for FY 72 and FY 73 options

are $340,000 and $31,000 respectively.42

Summar

This section summarizes the cost, schedule and per-
fofmance aspects cf the C-130 Center Wing Program with
emphasis on Mod No 10009 and Contract F09603-68-C-2530.
The summary is as of September 1970 when the data were
collected; it recaps data presented in the previous sec-
tions. Future projections are made where appropriate.
This section also contains some observations and thoughts

of the researcher.
Cost

Costs may be viewed in many different lights. The
figures can be made to reflect whatever point of view is
desired. Table 5B shows the incremental and cumulative
amounts abproved by HQ USAF and HQ AFLC. The approved
HQ USAF total is $88,025,481; the HQ AFLC total is
$97,315,593. An estimated total for all Military Serv-
ices is $108,515,593. Table 6B shows the incremental
and cumulative obligations, as of September 1970, on

Contract C-2530, Also shown in Table 6B are the cost




Table SB ' ‘ : ; 4:

Cost Track - Apfroved . %
'HQ USAF Approved (MPD) | Cumulative |
15 May 68 - 374,706,090.- | - $74,700,000.
| 19 Sep 69 = 2,602,396, o 77,302,396.
15 May 70 . 10,723,085 o 88,025,481,
HQ AFLC Approved (AFLC Fm 48) .
Center:Wing Modifiéation
24 Apr 68 = $74,700,000. | o $74,700,000.
27 Aug 69 =  2,602,396. o 17,302,396
8 Apr 70 = io,yzs,das. o | " §8,025,481.
Rainbow Fitt?qgﬁyodificétion‘ | -
28 May 69 = § 8,040,952. ' | $ 8,040,952
g Apr 70 = 1,249,130. | | 9,290,112.

AFLC Total Approved ' $97,315,503. =

" USAF/USN/USCG_Approved /

. USAF I $97,315,593,
USN (est.. 40 @ $0.2M/acft) 8,000,200,
USCG(est. 16 @ $0.2M/acft)  3,200,000.

Total (est) , - $108,515,593.
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Cost Tracks - Contract F09603-68-C-2530

Table 6B

Total Oblggggedl’zf

L/C
'POO1
P003
POOS
" P06
P07
P009
P010
PO18
PO19.
020
P23

13
. 8
8
19
16

31

3
3
16

1.

20
4

Jun
Nov
Apr
Jun
Jul
Jul

Contract Totals

Total Target Price (TTP)
L ; . Over and Above Work:

Government Furnished Material (est)

Spares

Total

Incremental
Obligation
68 = $ 3,860,000. (+ 3,860,000)
68 = 11,564,218 (+ 7,704,218)
69 = 19,268,436, (+ 7,704,218)
69 = 24,359,501, (+ 5,091,065)
69 = 33,013,001. (+ 8,653,500)
69 = 57,146,841, (+24,133,840)
69 = 57,213,141. (+  66,300)
69 = 58,200,141, (+ 987,000)
70 = 59,145,001. (+ 944,860)
70 = 83,485,386. (+24,340,385)
| 70 = §3,466,368. (- 19,018)
70 = 83,886,368. (+ 420,000)°
(estimate as of 4 Sep 70)
$79,611,691.
3,854,677,
2,200,000.
....239,020,
$85,905,388.

Note 1.
Note 2.
Note 3.

Includes USCG obligation of $1,200,000.

Does not include any money for GFM or spares.
The $420,000. is a partial obligation pending

definitization for the FY 71 buy. USAF

tion will include USN dollars; total planned cn
~ MIPR from USN is $2,714,000.

obliga-
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categories which comprise the total contract price.
Table 7B shows the cost data in the format it is pre-
sented in the AFLC Form 48 and is tracked in the D-17
Report, the cost-management report used by HQ USAF,

HQ AFLC and WRAMA. Table 8B is a composite cost sum-
mary for the totz1 USAF C-130 Center Wing Program less
USAF in-house program management and certain engineer-
ing, test, inspection and repair costs. It is comprised

of the best and latest estimates available on each item.
Schedule

Just as costs may be viewed in many ways, so too
may schedules. The only schedule considered here is the
aircraft input-output. Engineering test program mile-
stones, data and spares schedules are not included.
Table 9B depicts input-output schedules by fiscal year
and Military Service against time milestones. An air-
craft is input when it arrives at Lockheed, output when
the contractor's modification is accepted by the resi-
dent Government Inspector. Figure B2 discusses flow
times in terms of calendar days, planned and achieved.
Certain factors must be taken into consideration in ana-
lyzing this figure. The ordinate of Figure B2 can re-
late work days to calendar days at the ratio of 5/7;
but in truth there may be more or less workdays per

seven calendar days depending on holidays, weekends, or

il .

i e
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Table 8B
Total USAF Cost for C-130 Center Wing Program
1. Inspection
USAF Inspection......... .$ 1,000,000,
Contractor Inspections... 500,000.1’2
Total $ 1,509,000. $ 1,500,000.
2. ECP Kits
REPALTS. . s ennnnn.. ....$ 1,000,000.%
ECP 939....00eriiiinncans 2,279,336.
ECP 912............ ceenas 4,750,752,
ECP 941...uvvneennnnnnns . 1,000,000.!
Total $ 9,030,088, $ 9,030,038,
3. Loads Measurement
Contract 68-C-1335....... $ 6,375,445,
Contract 71-C-0070....... i,556,295.
Contract 68-C-1397....... 970,836.
Contract 70-C-1825....... 747,438,
Total $ 9,690,012, $ 9,63%0,G12.
4. Modification
Contract 68-C-2530....... § 97,315,593,
Aircraft downtime........ 9,890,000.4
Total $107,205,593. $107,205,593.
5. Fatigue Test Program..... $ 3,162,179.° $ 3,162,179,
Total Program Cost............ e $130,587,862,
Note 1. Actual data for this effort could not be obtained,
figure given is researcher's best guesstimate,
Note 2. Lear Seigler Inc. and Lockheed Air Service provided
field teams to accomplish this effort.
Note 3. Figure is the total approved to date; estimates cost

for 460 USAF aircraft.

Note 4. Downtime calculated at $500/day, the daily liqui-
dated damages rate in WRAMA contracts (1968) using
an average flow time of 43 calendar days.

(460 x 500 x 43).
Note 5. Fatigue Test Program is Contract 68-(C-7956.
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C-130 Center Wing Aircraft Modification Schedule

[
g g
~ a
[} ~ ~ ~ [-J (4] - [ q]
T & & & ¢ 8 8 3 3 3
= : 2 & - o a -~ a “~
Alrcrafe - - o - o o o e ) )
ln ut L -] © © L] o © o ~ ~ ~ :
P o b b s g ] v o g a 3 =
Output ] 2 & 2 s 2 2 4 S 3 ’ 3
© v W w " -t ~ ° (-] 8
~ ~ o~ -4 -t (4] (4] -~ [ - [
Fiscal Year 82 0 52 52 53 $3 S3 s3
1969 67 1] 37 37 37 30 30 30 30
Fiscal Year 180 126 180 180 190 185 188 188
1979 180 67 180 180 180 180 187 187
Fiscal Yoar 138 180 168 168 179 174 190
1971 153 180 180 180 180 181
Fiscal Year 94 0 0 0 0 [ 1]
1872 153 3 3 3 11
Input
Service
FY 69 USAF 82 52 S2 53 S3 s$3 53 53 53 53
PY 70 USAF 180 126 180 180 180 i 174 179 179 179 179
Usce 3 6 ] 6 [] [}
USAF 138 180 168 168 179 179 179 174 157 167
FY 71 UsceG 6
USN 17 17
USAF 94 61
FY N2 UsCG 4
USN 23
TOTAL 400 400 400 400 400 412 412 412 412 412 S1é
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if overtime is worked. Also the contract makes provi-

sions for aircraft deliveries, i.e., outputs, to slip
because of inclement weather for flight test, non-
availability of USAF flight test crews, required engine
or propeller changes, additional unexprcted over and
above work, or late aircraft input. One or any combina-
tion of these events could contribute, and be acceptable,

to a delivery slipping a planned schedule date.

Performance

Performance in the usual context refers to those
parameters such as speed, weight, thrust, or MTBF. The
parameters are usually specified directly or in combina-
tions in the contract specifications. Performance, as
such, is not as critical or as detailed in this modifi-
cation, versus designing and developing a new weapon
system.

In this chronology the term performance relates
to all the design objectives, particularly the 10,000
flight hour chjective, plus the quality of manufacture
and reliability. Performance is not associated with
the contractor's ability to meet costs or schedules.

To this end, all records and data reviewed and person-
nel interviewed indicated the contractor has, and is

achieving the performance requirements.
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Commentary

The case history of the total C-130 Center Wing
Program was pieced together from numerous records and
interviews at HQ AFLC and YRAMA. This situation was in
part due to the functionsl organization structure of
AFLC procurement. Because of personal resource limita-
tions, certain aspects of this modificatiocn program
could not be thoroughly investigated and research. This
subsection relates some of the observations and reflec-
tions of the researcher; some that could not be explicit-
ly substantiated or corroborated.

Accurate cost tracks were extremely difficult to
come by. Each organizational level conceraed itself
only with that portion of the program for which it was
responsitle. Financial management reports were not easi-
ly correlated. Ceontractor financial reporting was by
contract line item and appropriation codes K while AFLC
tracked by appropriation, AFLC Form 48 and D-17 Reports,
Finaacial personnel have their own lexicon. Changes in
appropriation and Budget Program codes and in accounting
techaiques, such as switching to Stock and Industrial
Funds 1in recent years, further complicated the research.
Performance data was similarly limited.

The persoanel who aided in providing data for this
research were extremely sincere, conscienticus and hard-

wvorking. The pressures of short deadiines and budget

e
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constraints are more real to them than cost growth., It
sppeared that pressures to avoid cost increases, stay
within approved dollar levels, and in. remental funding
problems affected prosram deci. ions more than any other
single factor. This may have been the root cause for
delay in awarding Contract 68-C-2530, deleting the land-
ing gear modification and warranty clause, and switching
aircraft outputs between fiscal vears. Desire for pro-
gram approval and initial funding may have been at the
base of omitting from the initial briefing, recognitioun
of the total complement of USAF C-130B/E aircraft in the
inventory, need for modifying the HC-130H/P? aircraft and
replacement of the outer wing rainbow fittings, and in-
clusion of GFM costs. Answers and data to investigate
these considerations could not be obtained.

Rescurce li-itations also prevented examination of
this program using contractor records and personn:!, a
vital ingredient in any study of cost outcomes. Lacking
such documentation this commentary is offered. By early
1968 Lockheed had completed its production run of 284
C-141 aircraft and C-130 sales were down. The C-5A pro-
gram, avarded to Lockheed in October 1965, was experisnc-
ing serious financial and technical problems. The award
of a 400 aircraft modification program, with growth po-

tential to over 515 aircraft, could provide needed f-nds

and help stabilize the labor force as the C-141 program




wound down and the C-SA production increased. The de-

gree to which this atmosphere influenced the initial

proposal is unknown. Optimism in cost ard schedule ap-
pears to have pervaded. The C-5A financial and techni-
cal problems continued into 1970. The C-5A program be-
came a political football. The degree to which these

events affected the C-130 costs, schedules and perform-
ance is also an ‘nknown quantity. It is impossible to

believe they w:re mutually independent events.
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Footnotes for Appendix B

WRAMA(MM) Historical Summary-FY 68, C-130 Hercules

Center Wing Fatigue.
Ibid.
Ibid.

HQ AFLC (MCMTA) C-130 File, "Chronology of Briefing

by LGC," undated.

WRAMA(MM) Historical Summary-¥Y 68, op. cit.

Ibid.

Ibid.

Ibid.

Ibid.

Toid.

WRPWCA Msg 14 2021 Feb 68.
WRP Msg 17 1421 Jan 68.

Official Contract Files, WRAMA(PPCA).

MCG Msz 08 1700 Dec 67.

MCG Msg 20 2225 Dec 67.

WRAMA Briefing, C-130 Center Wing
AFSDC Msg 10 2246 Apr 68.
Letter-Contract F09603-68-C-2530,
Advance Procurement Plar, undated.
CSAF Msg 26 1827 Apr 68.
Modification Program Directive No
WRG Msg 20 1800 May 68.

Letter Contract, op. cit.

Problem, 28 Mar 68.

13 Jun 68,
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;(p - 24, NRAMA(WRP) Narratidn of Procurement Action, Defiﬁiti- o
: : zation of Letter Contract F09503-68-C-2530. | | P

é 25. AFLC Fm 48, Installation of Improved Outer Wing Raln-'
3 bow F1tt1ng, C-130B/E Acft, 9 May 69.

26. MCMT Msg 2uv Mar 69. ‘ |

27. WRNEAS letter dated SlAﬁr 68, subject: Lockheed-
" Georgia Co. ETP 782. « f J

. 28. MOHT Msg 26 Mar 69, o
éz - 29. MCM Msg 26 2150 Feb 69. | s _
é | 30, WRG Msg 14 1328 Mar 69. !
| 31, MCM Msg 24 2147 Apr 69.

E. | 32. AFLC Fm 48, op. cit.

’ 33. Atch ¥1 to AFLC Fm 48, 12 Feb ¢9. |
34. MCM Msg 26 2150 Feb 69.

N ©35." WRG Msg 10 2231 Mar 69. | ,

36. ;ettér Contract, ‘op. cit,

37. Official Contract File, F09603-68-C-2530, WRAMA(PPCA).

- e ey

38. AFLC Fm 48, Modification for'Improvément of Center'
" Wing Fatlgue Endurance of HC-130H/P Series Acft,
Mar. 70. ‘

39. AFLC Fm 48, Installation of Improved Outer Wing Rain-
C bow Flttxngs HC-130H/P Acft, undated; approved by
o - AFLC CCB 8 Apr 70. : '

40. AFLC Fm 48, Modification~for;Improvément of Center
Wing, op. cit. | 3

Al. MPD Amendment #1 to Class IV Mod No 10009, 15 May 70. B
42, Contract File, WRAMA(MMEOO).
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APPENDIX C
B-52 STABILITY AUGMENTATION SYSTEM PROGRAM

This appendix presents a chronological accounting
of the B-52 Stability Augmentation System Program. The
program to incorporate an improved stability augmenta- '
tion system in B-52 G and H model aircraft stemmed from
special life studies on the B-52 aircraft. In particu-
lar, it grew from studies aimed at improving the air-
plane's structural life and its aerodynamic and struc-
tural stability in severe turbulence. There is one HQ
USAF directed Class IV modification, No. 10007, in this

(m program. This modification directs the fabrication and
installation of an improved stability augmentation sys-
tem into all B-52G/H aircraft, The system achieves the
objectives by providing the aircraft with an improved
lateral-directional stability which reduces structura"
loads and improves controllability in turbulence.

The improved system was designed and prototyped
by The Boeing Company, Wichita Division. The production
modification kits were initially procured from Boeing
under cuntract from the Oklahoma City Air Materic' Area;
later directly from the manufacturers of the kit compo-
nents and Boeing. The kits are installed on the Strate-

7ic Air Command aircraft at the Oklahoma City and San




&') Antonio Air Materiel Areas during scheduled maintenance

or special fly-in programs,

A summary of the program is given ir Figure Cl.
The program spans eleven years and depicts the program
as it had occurred and was envisioned as of October 1970,
The special studies, kit prototyping, fabrication, de-
livery and installation, and the procurement actions in-
volved in the program and Mod No 10007 are the subject

of the subsequent sections.

Background

The B-52 airplane is a subsonic, high altitude

- bomber designed and developed for the United States Air

i") Force by The Boeing Company. Aircraft production began
in February 1951 and the first production model was de-
livered to the Strategic Air Command (SAC) in June 1955.
A total of 742 aircraft were manufactured in eight models
before production ended in fictober 1961. There are cur-
rently 517 sircraf. in the active USAF inventory; 500 of
which are in SAC. To provide increased range over the
earlier models the B-52 G and H had integral fuel tanks
added to the wings; also, the airframe was partially re-
dcsigned. Both models are capable of carrying bombs and
the air-to-surface missiles Houna Dog and Quail. The

B-52G is powercd by eight turbojet engines while the

B-5ZH Sas eight turbofan engines to increase its range




170

Year Sequence of Events
1958 B-52 Accidents
Studies
Investigations j
1964 CCP 1195
1965° Prototype Program
1967 Modification Approval
l
M
|
Kit Procurement
C-1902
1968
1969 C-2599 Group B
Contracts
-~
Aircraft
Modification
1971
Figure Cl. B-52 Stability Augmentation System Program

Summary.
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to 12,500 miles. The System Support management functions

for the B-52 are the responsibility of the Oklahoma City
Air Materiel Area (OCAMA), Tinker AFB, Oklahoma.

Life Studies

The history of Modification 10007 had its origin
in the time period of 1958 to 1964. During this period
ten major B-52 accidents occurred that were related to

turbulence or controllability. Investigations and spe-

cial study committees, most notably the Ashley Committee
(1963) and the Davis-Montgomery Committee (1964), re-
sulted in major structural modifications and additional
studies being performed on the B-52 fleet.

The Offce of the Secretary of Defense (OSD) re-
port prepared by Mr. James Davis and Dr. Richard
Montgomery completely changed the ground rules for fu-
ture life sustaining modifications. Their report speci-
fied two new requirements which relate to this history.
First, there would be an operational requirement for
B-52 aircraft through 1975; second, that the feasibility
of an improved stability augmentation, as a means of re-
ducing maneuver loads and the accruil of fatigue damage,
be detcrnined.1 Based on this repocrt and HQ USAF direc-
tion, studies were conducted by The Boeing Company,

hereafter referred to as Boeing, and the Oklahoma City

Air Materiel Area (OCAMA). The B-52 Stability
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Augmentation Study (CCP 1195) was conducted to determine
the adequacy of the present stability devices and the re-
qQuirements for changes in the scability augmentation and
flight control system that would provide meaningful im-
provement to the airplane's structural life and its aero-
dynamic and structural stability in severe turbulence.
Specifically, the study objectives were to study the sta-
bility augmentation system (SAS) in order to improve
fatigue life, reduce peak loads and improve handling
qualities.2 It was recognized by this time that because
o{ development lead time, any recommend=d improvements
would be limited to the B-52G/H fleet.> In late 1964 a
Boeing cost estimate of $32.2 million was stated to mod-
ify the B-52G/H fleet (291 aircraft).4 This estimate

was taken from very preliminary data, but did break out
costs for kits, test, tools, spares, AGE and labor. How-
ever, this estimate was based on modifications that were
not completely defined, nor concurred in by OCAMA. The

CCP 1195 Study was completed in July 1965.

Prototype Program

Following completion of the CCP 1195 Study a proto-
type program was initiated. The ECP 1195 Protoiype Pro-
gram consisted of two contracts, AF34(601)-25146 and
AF34(601)-27372. It provided for the analysis, design,

fabrication and flight testing of a prototype pitch and

L s At ML Ak M
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yaw improved flight control system and a stability aug-

mentation system (SAS) that improves the Dutch roll damp-
ing, reduces the structural loads and improves the con-

trollability in turbulence for the B-52G/H aircraft,

Production component specifications were to be preparcd
also.S The prototype and flight test program was com-
pleted in August 1967. The prototype system as developed
and tested can be described as follows: Integrated,

force limited, hydraulic actuators are installed to

power the rudder and elevator control surfaces in re-
spunse to pilot input, SAS or autopilot inputs. Two coum-
pletely independent hydraulic systems are added to pro-
vide hydraulic powerifor the new actuators. kEach sys-
tem has a backup power source through hydraulic trans-
formers to two of the existing hydraulic systems. New
SAS electronics components censisting of triply redund-
ant sensors and control units for the yaw and pitch axis
systems were developed and are installed. The redundant
circuits are monitored by logic networks to vote out a
first failure in the system and turn off t.ae system after
a second like failure. Structural changes were incorpo-
rated in the vertical and horizental surfaces to accommo-
date the new hydraulic actuators.6 The total cost of

the feasibility study, prototype and flight test was

$12 lillion.7 Frequently, $9,634 218, of this figure ap-

pears in financial data associated with Mod No 10007,
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However, to be correct and consistent, the $9.6M is as-
sociated with development and the total program, but is
not an integral part of Mod No 10007. The $9.6M when

broken out by fiscal year is: FY 66 - $6,921,947. and
FY 67 - $2,712,271.; it is referred to as Prototype En-

gineering and was financed by BP 1100 funds.

ﬂodification Program

This section 1is in four parts. The first reolates
the background and details of program approval and go-
ahead. The next two parts discuss kit procurement. The
procuremernt of the 284 production modification kits was
in two increments. In the first increment, sometimes re-
ferred to as Phase One, 125 complete kits were purchased
directly from Boeing. In Phase Two, the components for
the remaining 159 kits were purchased directly by OCAMA
from the component part manufacturers and Boeing. Lach
phase is discussed as a separate subsection. The fourth
part of this section discusses modification program

costs and aircraft schedules.
Program Approval

The results of the Prototype Program were presented
in briefing form to HQ SAC on 5-6 September, HQ AFLC on
7 September and HIQ USAF on 8 September 1967. It was rec-

ommended that Boeing ECP 1165K be installed on all
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B-52G/H aircraft;8 program cost, schedule and perform-

ance figures were presented.

Boeing had submitted a budget proposal to OCAMA
for ECP 1195K in June 1967. As a result of the presen-
tation made at HQ USAF in September, Boeing revised
this proposal. The prices and quotes provided 1in this
revision of 15 September 1907 were based on receipt of

authorization for proyram go-ahead cn or before 1 Novewm-
9

ber 1967. The total estimated price was $51,110,097.
Boeing quoted '"for budget purposes only, an estimated
contract sales price" for 288 kits of $42,164,352. (unit
price = $146,404), which consisted on Enginecring =
%3.287,070., Labor = $7,332,472., and Materials =
$31,544,790. The difference of $8,945,745 was for five
sets of iustallation tooling ($0.8M), spares ($X.00M),
data (3$0.88M), AGE ($3.35M), trainer change proposal
($0.85M), and for technical suppert personnel services
for kit proofing, additional! facilities and training
(S0.0GM).lo Kits were to he delivered at the rate of

10 in April 1969, and 20 per month thereafter, complet-
ing kit delivery by 30 June 1970. A separate schedule
was provided for the installation tools. This schedule
was predicated on Bocing receiving a waiver to a Techni-
cal Order (TO), thereby permitting Boeing to buiid and
ship the ECP 1193K airplare kits prior to cr concurrent

with kit proofing.11 Two aircrafr modification

-




The SAS kit

schedules were provided in the proposal.

installation could be completed approximately one calen-

dar year earlier if a Boéing‘andrdepot team instaiiation

program was approved versus a depot only installation.
Under the joint venture al. aircraft could be retrofit‘
by 31 March 1971 at a labor cost of{$8,9M.l If this con-
‘cept were apbroved; the fotalfcost'for lncorbofa;ion of
the improv;d SAS in the BLSZG/H fléet would be $60.1M:
$51.2M for kits and support equibment ‘and $8L9M‘for

12

labor., Two notes should be made at this point. One,

Boeing's proposal wss for 288 kits; no estimates were

provide& for smaller quantity buys. Two, the kit quan-

ﬁity required:decreases throughout this history because
of aircraft attrition.

‘EFP'IIQS was approved aS a lIQ USAF directed Class

IV nodification on 4 October 1967 when the Modification

Program Directive (MPD), "B-52 G&H ECP 1195," was issued.

Later, this MPD was assigned Mod No 10007. It directed

that the prototype system, described earlier, be in-

stalled on all B-52 G and H aircraft, which at that time

was 288. The SAS retrofit kit schedule required was
that'presényed'to the Air SFaffl(HQ USAF) on 8 Seﬁtember
1967. The first'aircraft input was to bé not later than
April 1969 and thejlast_input not later than June 1971.

The total estimated cost for fleet incorpo-ation was

$60.1M., The breakout of estimated ccsts by fiscal year

‘ , ”
i, s b




- and Budget Program is shown in Table 1C. A 2000 hour

mean time between failure (MTBF) for the stability aug-
mentation system was established. The MPD made appro-
pfiate provisions and note of the requirements for modi-
fications to Mobile Training Units (MTUs) and Simula-
tors, personnel training, AGE and test equipment, spares

and revisions to Technical Manuals;13

Table 1C
Initial Modification Program Directive Cost Breakout1
FY 68 FY 69 FY 70 Fy 71 Total
BP 1100 $26.1 21.6 $47.7
BP 1600 2.1 1.4 3.5
P 431 .9 4.7 3.3 8.9
Total $28.2 23.9 4.7 3.3 60.1

Note 1. Costs in millions of dollars.

Source: MPD, 4 Oct 67.

I
P

{J
-
a

(Researcher's Note. The kit delivery schedule re-
quired by the MPD was the same promised by Bceing in its
15 Sep 67 proposal, but no mention was made in the MPD

about the waiver required to the TO, nor the need for

program authorization by 1 November 1967. In a similar
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vein, the air-raft input schedule and iabor costs (P431)
were the same as proposed by Boeing, but without any

reference to a joint effort.)
Phase One

Procurement planning for purchase of the ECP 1195
kits commenced at OCAMA in April 1967. Jhe Directoratev
of Procurement and Production (PP) had suggested to the
Directorai.e of Materiel Management (MM) the need for ad-
vanced planning and the possibility of sizeable dollar
savings if OCAMA procured certain kit items directly
from the manufacturers rather than as subcontracted
items to Boeing. But, the position of MM was to buy at
least the initial increment of kits (125) including ven-
dor items from Boeing. A Purchase Request (PR) to this
effect was sent from MM to PP in November 1967.14 The
PR provided funds in the amount of $25.3M, and by April
1968 authorizatior was available to expend $26.1M in FY
68 BP 1100 funds.

Although Boeing had not furnished a budget pro-
posal to OCAMA for 125 kits, it did indicate that for
funding purposes $26.1M should buy 125 kits and the nec-
essary spares, AGE, training, data, etc.ls Howeve ¢,
this figure included the average price for 289 kits
times 125, but did not recognize non-recurring costs

and start-up costs amortized over fewer units.16 Note
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that the FY €68 Program Funding estimate in the 8 Sep 67

briefing was $26.1M and $28.2M in the MPD, vis., BP 1100
= $26.1M and BP 1600 = $2.1M,

Letter Contract F34601-68-C-1902 was issuecd by
OCAMA on 29 December 1967 to The Boeing Company, Wichita
Division, Wichita, Kansas. The letter contract obli-
gated $10,076,793 for the procurement of 125 Class IV
modification kits together with related spares, AGE,
data, and tooling in accordance with ECP 1195K. A Fixed
Price Incentive, Successive Targets with Value Engineer-
ing (FPIS-V) type definitive contract, in the estimated

anount of $25,318,000 was contemplated.17

This type
contract was planned since Boeing had advised OCAMA in
early November 1967 that a proposal based upon firm en-
gineering could not be submitted for 200 days after con-
tract go-ahead. Award of the letter cuntract was de-
layed by OCAMA;attempts to incorporate warranty provi-
sions into the.contract as requested by the MPD, but
with no success. Issuance of the letter contract was

finally made to prevent further slippage;18

first kit
availability was already predicted to slide from April
1969 to June 1969.17

On 15 April 1968 Boeing submitted a firm price pro-
posal of $42.2M to OCAMA for the !etter contract require-

ments. This figure, although a proposal, was $16.9M

more aan the funds available, and $16.1M more than
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Boeing had indicated in late 1967. The $42.2M price pro-
posal can be examined from two points of view, One, the
figure is comprised of $34.2M for 125 kits, includiag

kit proofing, test equipment, kit data, TCPs, and kits

to modify spares, plus $8.0M as a planning figure to
cover the price of installation tools, spares provisions,
AGE provisions, manuals, and CFAE/CFE opublications. Or
two, the figure is comprised of the $26.1M as estimated
in late 1967, plus $3.3M for non-recurring costs and
start-up costs not previously recognized, plus an $8.2M
increase in the cost of the Bendix system (Bendix was a
Boeing subcontractor), plus $2.7M in other vendor and
miscellaneous material prices, plus $0.4M for Boeing in-
house price increases and $1.5M extra for spares and AGE
primarily associated with the electronics portion of the
systen.zo One million dollars of the above $2.7M figure
was from another subcontractor, Weston. Weston and
Bendix sttributed the increases to understating budget
proposals and underestimating the requirements necessary
to convert a prototype system to production hardware.21
Other factors contributing to the increase were changes
in the work package, better definition of the kit work
statement and the partial release of engineering, and an
increase in the elements of the original basis unit

price‘22
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For the next two months the program was reviewed

r g “}

and alternatives evaluated before final program redirec-
tion was approved by HQ USAF. Following proposal evalu-

ation by CCAMA, management meetings were held with

Boeing in May 1968. Boeing and the applicable vendors

had been requested to discuss and defend the cost in-

crea-2 and to present alternatives that would allow the

modification to stay within funds allotted and still ac-

complish, if possible, the modification intent. OCAMA

e p———E

directed expenditures and obligations be minimized with-
out impacting funds and/or kit schedule until the prob-

d.23

lem could he resolve The major thrust of the effort

} was to roll back the price to within the <.iginal esti-
- mate of $51.2M for the total hardware buy,24 i.e., rrfer-
snce Table 1C: total of BP 1100 and BP 1600 funds for
all fiscal years equals $51.2M.
Two alternatives were deemed feasible. One alter-
native reduced the number of black boxes in the yaw
axis electronics at a proposed savings of $6.3M, and the

second rcmoved the electronics from the pitch system and

revised the elevator actuators for a proposed savings of

$9.4M. If both alternatives were adopted the possible
cost reduction could be SlS.?M.ZS The alternative to re-
duce the number of black boxes per airplane from eleven

to six in the yaw axis electronics was referred to as
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reorgani-ing or repackaging the black boxes26 and called
Configuration #1. Configuration #2 was the program re-
vision of hoth alternatives, i.e., reorganizing the yaw

electrcenics, deleting the pitch electronics and revising

the elevator actuators. Configuration #1 was to have no
effect on performance, safety or reliability, and slight-
ly degrade maintainability, while Configuration #2 would
slightly degrade the first two categbries and slightly
improve the lattcr two.

On 27 May 1968 OCAMA recommended to HQ AFLC accept-
ance of Configuration #2. Approval of HQ USAF was nec-
essary since a waiver to the MPD would be required to de-
lete the pitch electronics. Boeing had already been di-
rected by OCAMA to proceed with reorganizing the yaw
electronics., Acceptance of this recommendation coupled
with buying the remaining 161 aircraft kits directly
from the vendors was supposed to offset the price increase
of $16.1M on the first kit buy and reduce the entire kit
and support equipment cost from $51.2M to 548.8M;27 if
only Configuration #1 and the vendor buy was approved,
the cost would be $57.6M. On 7 June 1968 HQ USAF concur-
red in the OCAMA position to reorganize the yaw elcc-
tronics and go direct to the vendors for the remaining
kits, but did not approve deletion of pitch electronics.

This decision was based on input from SAC regarding re-

duction in fatigue damage, the possibility of structural
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overloads and mission considerations. Modest price in-
28

creases were anticipated and to be justified by AFLC.
Based on this direction, OCAMA requested Boeing to sub-
mit 22 updated price proposal based on Configuration #}
by July 1968. On 24 June 1968 HQ AFLC requested that
USAF increase the total BP 1100 and BP 1670 funds to
$56.32M for FY 68 &nd FY 69, an increase of $5.12M from
the MPD. 2%
(Researcher's Note. The above data is strongly cor-
related to that furnished by Boeing during a program re-

view in May 1968.°°

Other pertinent data from this re-
view are: (1) The cost data uses a 286 aircraft base
versus the MPD cf 288, and (2) The cost savings of $6.3M
and $15.74 are planning estimates for kits based on a
two-buy concept and do not include the program net cost
increase/decrease if initial lay-in items and five year
operational costs &re considered for each configuration.)
Following contract negotiations held in July 1968,
the letter contract, F34601-68-C-1902, was definitized
by Contract Modification P007 effective 29 July 1968.
The contract was a FPIS-V type with an initial target
cost of $26,300,000., an initial target profi: of
$2,038,250., an initial target price of $28,338,250. and
a ceiling price of $33,532,500. The negotiaied initial

price of $28.3M represented a reduction of $1.9M from

the revised Boeing proposal of 1 July '965. Lote, these
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figures do not i.clude installation tools, nor spares
and AGE provisions and the $28.3M is comparable to the
$34.2M stated in the Boeing proposal of 15 April 1968

rather than the $4Z.2M.31

The contract specified kit
delivery schedules in accordance with Table 2C. In ad-
dition, schedules were specified for other line items

of the contract, e.g., Item 2: 174 kit; to modify spares
were to be delivered by May 1969; Item 3: kit proofiny
was ta be accomplished by August 1969; Item 6: Four MTUs
were to be delivered, onc in May, September, November

and December 1969.

As of October 1970 fif£y~ninc Change Orders had
been processed on this contrict, the majority for minor
changes under $100,000 or for administrative purposes.
Two major changes that did oc-ur were P052, 26 May 70,
which obligated $106,203 and which remains to be defini-
tized, and P042, 19 Aug 69, for $286,00C. Both lhange
Orders increased contract ooiigations to permit modifi-
cation of the ECP 1195 kit in accorlance with enginecer-
ing revisions. These changes will be éiscussed in more
detail later.

Negotiations were held in May and June 1969 for
the purpuse of establishing the firm target amounts for
Contract C-1902, as well as for de*.nitizing outstand-

ing Change Orders. Thes=. 1egotiations resulted in a

target cost of 325,372,439, , & target profit of $2,036,497.

a target price of $27,498,930. and a ceiling price cof
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$33,503,660 with a 73/25 sharing arrangement. A unit
cost per kit of $211,814 was negotiated. As of October
1970 the total amount obligated on this contract was
$27,912,962., and although there are outstanding orders
the total price will probably not exceed SZQM.SZ

This subsection will end with a brief description
of some problems encountered in Phise One. One must not
be misled to believe that Phase One and Phase Two are in
series. The truth of the matter is that they are more
in parallel. Phase One formally began in December 1967
with Contract C-1902 and was still active when this re-
search was conducted; Phase Two formally began with con-
tracts awarded in early 1969. Reference Figure Cl,
Phase Two will be discussed in more detail in the next
section. The point to be made is that because of the
near parallel arrangement of the phases, problems of a
technical, schedule or cost nature which occurred in
one phase were not mutually exclusive of precblems in the
cther.

As noted above, engineering revisions to tlhe ECP
1195 kits were required to correct deficiencies or im-
prove its operation. Item 18 of Contract C-1902 sum-
marizes the cumulative total cost f»r all these revi-
sions, As of P05S5, 21 July 1976, the total price was
$333,080. Probably the most significrat of the revi-

sions dealt with kit changes ECP 119S5R7 and 1195R8 to
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correct electromagnetic interference (EMI) problems.
Reference the earlier discussion of F042. EMI problems
occurred between the SAS and the AN/ARC-58 HF radic on
three separate occasions in the program: formal flight
test, kit proofing, and in ground test. Although each !
problem was differcent, cach involved EMI which resulted
in SAS elevator and/or rudder deflections during HF
radio transmission or by ARC-58 FR energy being con-
ducted into the airplane power circuits by a ground
power cart cable. Revi-ions R7 and R8 cerrected this

incompatibility.33

However, this problem in conjunc-
tion with a hydraulic actuaior forging problem, forg-
ings being unacceptabie due to osciilation of the vud:
der aétuators during flight, contributed tc Boeing beirg
unszie to deliver any kits in June 1969.34

Some of the deveicpment and production problems
affected th: support posture of the program. Twe of
the more significant were electronic hardware unrelie-
tility and late deiivery of field test equipment.
Heavy infant mortality caused by design and quality de-
ficiencies was experienced on installed electronic equip-
ment; 3 50 hour burn-in test had to be initiated in
Octeber 1969. Production problems ahd design changes
to hardware resulted in field test equipment deliveries

35

slipping schedule. Revised aircraft delivery sche-

dules and the limiting of the dispersal of modified




aircraft were necessary to overcome these problems in

the latter half of 1969. |

A meaningful, #ctual kit delivery schedule fcr,
Phase qu is difficult to generate. Table 2C listed
th? proposec and contractually reqqired basic kit de-
livery schedule. Note that some kit revisjons were on
sépa:ate delivery scheduleé,'evg.,,Rs kits were shipped
sepafate from the basic kitl All kit components were
not required for kit iﬁstallatie& fof up to 26 days
after the aircraft was input to the depot. Thefefore,
for a variaty.of reaséns, partiéulariy vendor prpblems’
with the électronics and actuators, kits were shipped
shert from boeiag, i.e.; less certain componahtk.‘:TheSe
components were shipped later tp'support aircrafx‘sched-
ules. information availablelatIOCAMA indicated that the.
Kkits were made Available in time to support aircraft

schedules’

?hase wo

This phase discusses’the seéond increment of kit
:procﬁ;ement,,the puréhaseiof the remaining 159 modifica-
tion kits. This pha:e:can be subdivided into two parts:
bne. the foliow-on contract to Boeing for the puréhase
of Group A'compqnents for 159 kics and ancill.ry equip-

ment; and two, the purchase of 14 Group B components by

OCAMA direct from six suppliers on seven contracts.
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Letter Contract F34601-69-C-2599, effective 3
February 1969, was issued as a follow-on contract to
C-1902 to purchase Group A components for 140 modifica-
tion kits in accordance with ECP 1195K. Kit deliveries
were to start ir March 1970. The total price estimated
by OCAMA(MM) was $3,085,301. The contract was for 80
kits, but contained an option for the remaining quantity
of kits. This option was inciuded since HQ AFLC was of
the opinion curreni funds available were insufficient
to‘accomplish the complete buy. Change Order P00O1, 15
July 1969, exercised the option for the remaining 79

kits.3d

Note, because of aircraft attrition only 7°
kits were then required in lieu of the planned option
¢f 80. A deficiency in kit funding had occurred in
early 1969. In order to put the 80 kits on contract,
$590,000 of the $977,070 approved for kit proof testing
(engineering) was used to procure the kits. Additional
funds were required in iate April 1969 to prevent slip-
page in kit proof testing and delivery of production
modi fication kits.>’
| - Based on negotiations held in July 1969 between
Boeing and OCAMA, Contract C-2599 was definitized as a
Fixed Price Incentive Firm (FPIF) type by Change Order
P202, 5 September 1969, The contract target cost was
33,575,433.. target profit 2t 9% was $321,790., thus

target price was $3,897,223. An 80/20 sharing arrangement
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(f and an 118% ceiling price were also negotiated. The

definitized contract purchased 159 kits in accordance

with ECP 1195K, R1 and R4, 59 kits to modify spares,
1 Mobile Training Unit (MTU), 284 AGE modification kits,
114 AGE spare parts, engineering services and data. The
modification kits were to be delivered starting with one
(1) in March 1970 and fourteen (14) per month thereafter,
completing the buy with four (4) in March 1971. Sepa-
rate delivery schedules were negotiated for the spares,
AGE, MTU, and data.38 As discussed earlier, problems
which occurred with the Phase One procurement affected
Phase “wo, e.g., the EMI problem was at its zenith
while this contract was in-negotiation.

The Group B components for the second increment
of modification kits were purchased by OCAMA direct from
each of the equipment suppliers and were shipped directly
to a Materiel Utilization Control Office (MUCQ) at the
AMA. When required, these components would be drawn
from the MUCO and combined with the Group A componeits
supplied by Boeing to assemble a complete kit for instal-
lation by USAF personnel at the AMA, i.e., either SAAMA
or OCAMA.

Because of the functional nature of the organiza-
tional structure of the AMA, program management of the
Group B componentis was the responsibility of two differ-

ent organizations. Group B components of an accessory




191

nature, such as motors, pumps, actuators and transformers,
fell under the purview of the Accessories Inventory Man-
ager (IM) while electronics, sensors and similar items
were the responsibiliiy of the Instrument System IM.

The Inventory Managers (IMs) like the System Support Man-
agers (SSMs) are under the Directorate of Materiel Manage-
ment (MM) at an AMA., Thus, the IMs for the Group B com-
ponents and the B-52 SSM had to maintain liaison and co-
ordination to integrate total program management. Ia
turn, the procurement of the accessoriés and instruments
at OCAMA, that is, the award and administration of con-
tractual matters, are handled by buyers in different sec- 4
tions of the Accessories or the Instrument Branches of

the Commodities Procurement Division, a d;fferent Divi-
sion than the Weapon System Procurement Division, B-52
Branch, responsible for Contracts C-1902 and C-2599.

The Instrument System IM has managerial responsi-
bility on ECP 1195 for five high value items. rate sen-
sor units (RSU), accelerometer units (AU), paranmeter
scheduling units (PSU), yaw electronics control units
(YECO), pitch electronic control units (PECO); threce
insurance type mounts; modules and stock items; and
maintensnce and overhaul [(M§0) parts estimated in num-

ber at 2500.°°

The five high value items and the three
mounts constituted eight of the fourteen Group B compo-
nents; the remzining six are termed accessories and are

discussed in a subsequent paragraph. To purchase these
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items a Fixed Price (FP) type contract was awarded by
OCAMA to the Bendix Corporation, Navigation and Control
Division, Teterboro, N.J. The contract, F34601-69-C-
2685, effective 7 July 1969, required Bendix to furnish
322 RSU and 161 each AU, PMU, YECO and PECO; bases, in-
vestment and expense spares and data at a total price of
$7,591,000., These items were to be delivered according
to contract schedules from January 1970 through November
1970.40 Bendix was a subcontractor to Boeing on Con-
tract C-1992 and these units were to be identical to
those furnished on that contract.

(Researcher's Note. This contract is typical of
man; which include a requirement for spare parts. Often
the description and quantity of the spares required are
not available when the contract is awarded. So a con-
tract line item is established, a2 token amount of money
is allotted to rescrve this line item and interim re-
lease procedures apply. Once the spares provisioning
document is available, the Provisioning Contracting Of-
ficer will issu- a written Spare Parts Order. These
parts will be identified in a priced spare parts ex-
hibit and additional dollars released. On this contract,
only $2,000 was allocated initially t» establish Con-
tract Line Item 2 with two subiteas: 2AA - Investment
Spare Parts a~d 2AB - Expense Sparc Parts. Spare parts

once identified would appear in Exhibit J to Contract




C-2685. Therefore, although an initial contract price

may be described as including the price of spare parts,
often it is only a token amount which will be increased
at a later date.)

In the lstter half of 1969 design and quality de-
ficiencies in the units Bendix supplied to Boeing under
Cuontract C-1902 caused s heavy infant mortality ratc, and
a burn-in test had to be initiated. Also, starting in
Octnber 1969 a joint Bendix/Boeing Reliability Committee
was formed and Bendix engineers w2re provided to cach of
the B-52 modification centers (OCAMA and SAAMA) to accom-
plish as much repair as possible 'on site.' Bendix de-
livery schedules slipped three months. As a result
schedules on Contract C-2685 were subject te a similar
slippage. In December 1969 agreement was reached be-
tween Bendix and OCAMA to slip schedules on Contract
C-2685 from January tou April 1970; in consideration Ben-
dix wouid do a burn-in test on all units shipped prior

to 1 May 1970.41

This agreement was [ormalized along
with increased quantity requirements by Change Order
P003, 5 March 1970. Forty-six RSU, 17 AU, 39 YECO, 23
PECO and 32 PSU were added to the contract. These
changes increased the total contract price tc $8,916,057.
P00l and P002 were miror adsinistrative changes.

Table 3C summaiizes the Group E components for

which the Accessories IM has responsibility. This
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listing when ccyined with Bendix supplied components
comprises the total complement of Group B items,

Each of these contracts is a micrecosm. A
thorough chronological history of the modification pro-
gram would require a complete accounting of each con-
tract. Personal resources prohibited such a dctailed
search. Only one contract, F34601-69-C-4073, will be
discussed in detail since it has the largest dollar
value.

Procurement action on Contract C-4073 began in
November 1968 when the Purchase Request was initiated.
Although a Request for Proposal (RFP) was issued in Dec-
ember, the contract was not issued until 21 July 1969.
This delay was due to difficulties experienced by OCAMA
in obtaining adequate cost information from the contrac-
tor. Contract C-4073 was awarded to Weston llydraulics,
Division of Bofg-warner Corporation, Van Nuys, California
for 320 elevator actuators and 160 rudder actuators. It
was a Firm Fixed Price (FFP) type contract at a price of
$3,186,321.60 which included a profit factor of 10.1%.
Deliveries were to commence in March 1970 and be com-
pleted by March 1371. Four Change (rders were processed
on this contract at the time of the research.

P001-14 May 70: Increased the quantity of eleva-
tor actuators by 12 and the rudder actuators by 6; de-
liveries were to be made between June and August 1970

with a contract price increase of $§119,577.




P002-13 Jun 70: Allowed a change in item configura-

tion at an increase in price of $94,845. This made the
new contract price $3,400,744. A
PC03 and P004 were shipping schedule and configura-

tion changes, but apparently at no increase in pricc.42

Program Costs and Aircraft Scheduies

While the detziled contractual actions described
above were occurring, HQ AFLC and HQ USAF were concerned
with the larger aspects of the total modification pro-
gram, specifically costs and aircraft schedules.

In the area of program costs, in response to a HQ
USAF request to update the MPD, OCAMA approved and sub-
mitted an AFLC Form 48 titled, B-52G/H Stability Augmen-
tation and Improved Flight Control Systems, dated 24
March 1969. The cost breakout by Fiscal Year and Budget
Program is shown in Table 4C. This form was revised and
resubmitted by OCAMA in accordance with the guidance pro-
vided by iQ AFLC on 23 April 1969. The revised AFLC
Form 48 of 28 April 1969 included the latest total of BP

1600 funds, deleted references to the prototype program

..ot ol SRR

costs and prcvided a clearer, more concise accounting of
costs and differences in cost betwesn the MPD and the

current program. The Form 48 also stated the total pro-

43

gram cost requirement to be $68.7M. The revised form

was approved by the hQ AFLC CCB on 7 May 1969.




There had been no prior submission of an AFLC Form

48 on this modification. Based on the data in. justifi-
cation provided in the Form 48 of April 1969, an amend-
ment to the original MPD was 1ssued by HQ USAF. The
amendment to Mod No 10007 of 11 July 1969 revised only
the funding statement. The revised estimated cost for
fleet incorporation was stated as $68.7M, but the fund-
ing by Budget Program and Fiscal Year as shown in Table

SC totalled $69.1M.%4

The figure for the BP 1100/FY 65
is $0.4M greater in the MPD Amendment than in the AFLC
Form 48. Reference Table 1C for the original MPD Cost
Breakout.

BP 1100 cost increases were attributable to the
prime contractor, Boeing, underestimating the cost of
items to be supplied by vendors. However, part of this
cost increase was offset by actions taken to reduce the
kit cost, such as revisions to the electronics package
and direct buys from the vendors. BP 1600 spares costs
increased due to the increased cost of vendor components
and changes in quantities approved by the provisioning
committees. No information was provided regarding the
1P00 expénse spares or changes in DMIF costs.‘S
Table 6C provides the cost breakout available in

AFLC records at the time the research was conducted.

The B-52 aircraft input/output schedules were the

result of a coord:inated effort among SAC/OCAMA/SAAMA,




‘60 INL I1 ‘ddW 03 3juswpuawy :331n0S
‘cazeds asuadxg 7z 910N
*SIBTTOP JO SUOTITTIW UT SISO) °1 83ION
u © 1°69 Sy £ g 1 v¢ 2°ve$ 18301
! — —_— e — —
M v'8 S d g8°¢ 1° dINa
W 8°S 82 0§ 0091 dg
w S°§S Sz §°0S z 12 0011 d4d
{ —
m 1E30]1 1L Ad 0L Aa 69 Ad 89 Ad
ﬁuzoxmuhm 150D dAYIO2LYg wexBoig UO1IBDTIIIPOW 3uarany
DS a[qel
*69 d2W vZ ‘S8p WIOg DTJY :921n0g
*S10143 BUIpUNOX IO ISNE3aq [B203 30U ABW SMOX/SUWN[O) *§ 230N
ISy 4 sem “s8reyd Jurunoddy 7 S3ION
*SIBTIOP JO SUUTIITIW UT S3ISO) 1 330N
w —
i c6° %L 6°¢ v°9 6°1¢ v°€2 L7 L' 9% 1e30)
n el L 6°¢ 6% T ) 24 TN
9°¢ v 1 7°1 0091 dd
$°€9 S°Z v 0¢ 2°12 L7 L°9$ 001T dd
12101 1L A4 0L Ad 69 Ad 89 Ad L9 Ad 99 A
[InoALII 350D gy wiog DTAY
Jt d1qel
.( l\,“




199

‘0L unp g¢ jo se ‘L1-a ‘S D14V DH - 331nosg
dINd 103 apo> Zurjunosoy *§ 930\
*sareds ssuoadxa 103 8po> Furjunosoy -z 230N
"SIBIIOP JO SuoITfTw uy $3S0) 1 830N

L°69 T’ N 4 8°9 PR 2% 2°vZ$ Te30]
'8 1° P 4 9°¢ 1° nmo
I'1 L’ S’ Nzo
£°9 £€°¢ 0°¢ 0091 49
A A $*2 g o 2°1es 00TT dd

T®30} L Ad L Rd 0L X4 69 Ad 89 Ad

P
"t

7300AB3IG 350 £000T 2oqwnN UOTIETDTFTPOK

J9 31qe]




The atrplene receives the modification kit 3ithé}‘dhr;ng
fts scheduled maintenance c*c1e=or during a speciel drop-
in ptogram. The B-S2G/H has a three year IRAN cycle.
Since the MPD required the modificetionfbe accohplished
in two years, a special fly-in program was lnstltuted

The axrcraft schedules in part are based on k1t availa-

bility and resolutlon}of'then pendlng technical problems,

such as, EMI, electronics unreliability, or pump flight

qualificatiori Table 7C displays the SAAMA/OCAMA actual

1n ut/output schedu.es for installation of Mod No 10007

" on the B- SZG/H aircraft. | S

| ~As of 30 October 1970, 152 B52 aircraft had the

SAS mcd1f1cat10n 1nsta11ed, and the program was to con-
'~t1nue at the average output rate of 10 5 per month. The
last input was forecast for July 1971, the program is

. scheduled to be complete when the last a1rcraft is out-

" put from OCAMA in October 1971. At the t1me of the re-‘
search there appeared to be no maJor or significant cost/

schedule/performance problems. ThlS is not to say that

problems of a fire-fighting nature were not occurring

\

- daily.
l' (Researchet's‘Note.' Not ihcluded ih the aireraft
.schedule data is one modification‘petformed at Boeing on
the prototype gircreft nor the modification of two test
aircraft. One test aircraft is scﬁeduled into SAAMA in

‘March 1972 and out by June 1972, while the second is

!

i
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scheduled into OCAMA in December 1971 and out by March
1972.)

Summar

This section recaps some of the pertinent aspects
of the cost/schedule/performance characteristics of the
B-52G/H Stability Augmentation System (SAS) Program with
emphasis on the HQ USAF directed Class IV Mod No 10007.
The summary is as of October 1970 when the data was col-
lected. The second subsection of this summary is a com-

mentary by the researcher.
Cost/Schedule/Performance

A modification program to improve the stability
augmentation system of the B-52G/H airplane was approved
by HQ USAF in October 1967. Approval for this modifica-
tion, No 10007, stemmed from studies, data and a proto-
type program which spanned three years and cost approxi-
mately twelve million dollars. The prototype program
demonstrated the feasibility of the concept and design
and the performance of the hardware in a true 'fly-
before-buy' concept, i.e., demonstrated performance be-
fore committing large dollar sums to production.

Initial planning estimates for program costs and
schedules were based on contractor furnished data; data

which assumed award of the 288 modification kits as a
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single, complete buy coupled with a joint dcpot/contractor

kit installation effort. At this same time plans were
being formulated within OCAMA for purchasing the modifi-
cation kits in two increments because of potential cost
savings. The program was approved at an cstimated cost
of $60.1M with aircraft to commence input for kit iastal-
lation by April 1969 ard complete inpui by June 1Y71.

At present the program is estimated to cosi $69.7M.
In some respects it is not the same program. Because of
aircraft attrition, 283 aircraft will receive the modifi-
cation. The production modification kit is not the same
as the prototype kit because of the deletion and repackag-
ing of black boxes in-the yaw axis electronics aand other
attendant configuration changes. The quantities of pro-
visioned items are now firm and different from those en-
visioned at program initiatijon.

The definition/requirement of Mean Timc Between
failure (MTBF) used in this program is '"The system MIBF,
defined as the mean time between unscheduled maintenance
actions caused by failure of ECP 1195K equipment, shall
not be less than 100 system operating hours," OCAMA
records indicated thst this MTBF goal was achieved in
June 1970 and the current MTBF is 110 hours, if the early
gyro failures are excluded.‘é
Notwithstanding the difficulties encountered in

contractual matters, funding, hardware design and quality




deficiencies, kit slippages, AGE and test equipment de-

linquencies, the numerous coordination interfaces re-
quired, and satisfying the desires of the u.ing command
(SAC), the program has produced a system which appears
to meet its original technical objectives and aircraft
schedules; objectives and schedules set 3-5 years ear-

lier.
Commentary

The case history of the total B-52 Stability Aug-
mentaticn System Program was pieced together from numer-
ous records and interviews -~: HQ AFLC and OCAMA. Be-
causc of personal resource limitations, certain aspects
of this modification program could not be thoroughly in-
vestigated and researched. This subsection relates some
of the observations and reflections of the resear:her;
some that could not be explicitly substantiated or cor-
roborated.

To document a large modification case history
cmphasizing costs, schedule and pérformance is a formid-
ible task. The task was complicated by the functioual
organizational structure of the AFLC procurement pro-
cess and by the length of time a large modification pro-
gram spans. Each office at OCAMA had varying amounts
of documentation on the program, especially as it re-

lated to their area of responsibility. The procurement
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records, such as 'Narration of the Procurement Action’

and the 'Pricirg Memorandum,' avre excellent summarics
of a particular contract or poriion of a program. No
similar tracks could be inund i the program management
records. Record disposition policies which climinate
files in excess of two or three years <ontributed to
earlier portions of the history being somevhat sketchy.
Personnel turnover caused by retirement, reassignment
or promotion further complicated assembling tracks of
the program history.

To speak of 'a' program schedule is meaningless,
for a variety of shivping schedules and program deci-
sion milestones exist. For example, in this program
there were separzte shipping schedules from Boeing for
the first 125 basic ECP 1195K kits and for kit revisions
R8, R17, R19 and R20; sepzrate shipping schedules for
each of the Group B components; schedules for delivery
of installation tools, Mobile Training Units, and vari-
ous data itexs; separate schedules for the numerous
spares and AGE items ard for the kits to modify the
spares and AGE; and last, the schedule to modify the
airplanes. There are also decisinon making schodules
and program milestones. Fcr example, Boeing's initial
budget and schedule quotes were applicable only if the

program was authorized by 1 Noveaber 1967, each letter

contract had milestones for negotiation and definitization.




One must exert care when evaluating the statement that
"The program has met or slipped its schedule."

Considerable effort had to be spent developing an
accurate, consistent, chronological cost track record.
Cost data was available in the LOG D-20 and D-17 reports,
in the MPD, in the AFLC Forms 48 and in correspondence
files. The categories by which these cost tracks are
recorded vary. Besides differentiating among account-
ing and budget codes (codes which changed over the
years the program was in existence), costs were also re-
coided by fiscal year and various categories, such as
1abor/engineering/hardware and required/approved/funded.
The numbers and codes were not always consistent. The
records do not always document why a change was made.
Modification funds are frequently reprogrammed. Repro-
gramming requires explanations and justification. Many
personnel are involved in this effort; personnel who are
also subject to turnover.

It appeared that two pressures weighed heavily on
this modification and its procurement and prcgram manage-
ment persornnel. The first was the pressure to stay with-
in approved cost levels, or put anoth%r way, to avoid
any cost increases ( and the resultant justification re-
quired) over this limiting figure. The decision to re-
organize the yaw axis electronics is an example of this

pressure. The second was the pressure to meet schedules




once established. The overriding schedule consideration

in this program is the aircraft schedule; a schedule es-
tablished in October 1967. Adherence to this schedule
requirement to input all B-52G/H aircraft for modifica-
tion between April 1969 and June 1971 dictated many pro-
gram decisions.

Using 20/20 hindsight, it appears that the Boeing
proposal of 15 September 1967 was optimistically biased
for the complete modification of 288 aircraft. At the
same time it is interesting to note how the 125 kit cost
grew once Boeing became conyjinced of the OCAMA intenticn
to use a two-buy concept. |[It would also be interesting
to pursue this program hisfory via a thorough review of
contractor documentation, a serious deficiency of this
study, but one which could not be accomplished within
the framework available. The two-buy concept appeared
to have been a foregone conclusion at OCAMA; the receipt
of the Boeing proposal for $51.2M provided the vehicle
for going direct to the vendors. The purchase of the in-
itial 125 kits from Boeing also bought a system integra-
tion capability, one perhaps not available at OCAMA.
Once the ‘omponent vendors were selected, the interface
and integration problems overcome and the lines of com-
munication established, OCAMA could then perform the sys-
tem integration task in-house rather than contracting it

to Boeing.
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A total cost chart could not be derived for this
program as was done for the C-130 Center Wing Program
(Apperidix B). The scope of this program did not permit
detailed cost figures to be obtained for many portions
of the program. Guesstimates would be subject to a
large variance. Any chart so derived could be mislead-
ing and subject to misinterpretation. However, some of
the costs which should be considered in preparing such
a8 chart would be those associated with: all contracts
with industry related to this program, including those
related to the engineering test and evaluation of the
modification; all studies; all iabor, material and over-
head charges for the installation effort; and aircraft
downtime applicable to the modification. To be compara-
ble to the C-130 chart, no costs would be included for
Governmant in-house engineering and management effort
or for the Using or Training Command resource expendi-
tures. Any effort at a cost-benefit, cost-effectiveness
or amortization plan should consider all of these costs.

Many pecple at HQ AFLC and OCAMA coatributed to
the compilation of this history. They were conscientious
and hard-working. Their willingness to participate and
ald in gathering the data and information necessary for
this study was a vital ingredient in being able to docu-

ment the above account.
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APPENDIX D
AN EXCURSUS ON RESEARCHING DEFENSE PROCUREMENT

This Appendix is written as a guide for those con-

templating performing research in defense procurement:

| I * scientific research on ways to analyze and improve the
procurement of supplies, services and facilities for the

" Armed Services. It is based upon lessons learned in the
conduct of this research and upon personal experiences
while in Government procurement and contract administra-
tion.

A very interesting observation can be made after
a review of the open literature for research and data
published on procurement matters. It is the lack there-
of . Aithough billions of dollars are spent each yvar on
defense research, development, test, evaluation and pro-
curement, only an extremely small amount appears to be
expended on research in procurement methodology.

The research which is conducted can be separated
into two groupings: external and internal. The major-
ity of 'external research' is performed under contract
to DOD or one of the Military Departments by non-profit
or advisory companics such as lhe RAND Corporation,
Institute for Defense Analysis (IDA), Center for Naval

\ Analysis (CNA) and the Logistics Management Institute
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(LMI). Although most of their business is with DOD, the
bulk is not related to procurement. Copies of mnaterial
they publish, which is not sensitive or classified, is
available through the Defense Documentation Center, the
Clearinghouse for Federal and Scientific Information and
occasionally directly through the company. However,
very little of this research is ever published in the
open literature or technical journ:ls.l The remaining
external research is independent research, i.e., not
sponsored by DOD. It is somewhat limited because of fac-
tors to be described later. 'Internal research' is that
research conducted by DOD or the Military Service itself,
using its own intcrnal resources. Reports generated by
internal research, since designed for inte;nal manage-
ment use and improvement, are often critical of the pres-
ent mode: its design and operation. Such reports are
usually labeled 'For Offiéial Use Unly' and rarely are
published or widely disseminated. Therefore, the best
data and latest research are zenerally not readily avail-
able to new rescarchers.2

One major source of procurement information is the
texts of addresses made by prominent Government and in-
dustry officials., tHowever, many of these speeches or
papers reflect opinions or provide observations and

thoughts.’3 Congress is another majcr source of informa-

tion. Annual hearings on the Military Procurement and

17



Research § Development authorization and appropriation
bills are conducted by the U.S. House of Representatives
and Senate Armed Services and Appropriations Committecs,
In addition, other congressional committees, such as the
Joint Economic Committee and Government Operations Com-
mittee, have periodically probed into the defense pro-
curement business.4 And, with increasing frequency over
the last few years, Congress has called on its 'watchdog
agency,' the General Accounting Office (GAO) to perform
special investigations on selected procurement topics.s’6
Generally, copies of the Commitcee hearings and reports,
in addition to the GAO reports, are available to the pub-
lic. Yet another source of information on defense pro-
curement is industry. Thrcugh such organizations as the
Aerospace Industries Association (AIA), the Llectronic
Industries Association (ETA) and the National Security
Industr.al Associstion (NSIA), defense contractors pub-
lish their collective viewpoint on some aspect of de-
fense procurement.

The lack of scieatific research and related publi-
cations in the Zield of procuremeni can be traced to two
reasons. First, most useful data or information origi-
nates with the DOD or respective Military Service; thus,
the researcher must obtain the data or permission to

gether 1t from DOD. This will be dealt with in more de-

tail later. Second, there ares only a small number of




personnel who have both the expertise in research tech-

niques and a procurement background.
The procurement business is complex and dynamic.
It shans a broad spectrus from the legalities of con-

tract clauses to the masses of adainistrative details

to the parameters of technical weapon system perfornance.7

It is studded with acronyms which seem to be growing at

an cxponential rate, It is not unusual for a person at-

teapting research in defense procurement for the first
time, or cven an experienced researcher working in an un-
related or unfamiliar procurement area, to spend 50% or
more of his time learning the process details and its
terminology.

Having overcome the hurdle of 'learning the pro-
curement business,' in order to communicate intelligent-
ly, the researcher then faces the next challenge, access
to data and personnel. Research at this point can be

broken into two categories, that sponsored by DOD and

that not. 1the first category can be subdivided into re-

scarch performed or not performed under contract. Exam-

ples of the former would be a study conaucted by RAND8

while the latter would be an independent study, such as

this thesis.

The second category, research not sponsored

by DOD, can also be divided into two subcategories: that

research DOD must cooperate with and support, and that

1t aced not. Lxamples of the former would be a GAC
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investigation;s

of the latter & request by Time or
Remparts.

The degree of cooperation the researcher rec-ives

will be a function of his research category. llowever,

there is another factor, correlated to the first, which
will directly affect the success of the rescarcher in ob-

taining the necessary data for his study. This factor

is the level of 'sponsorship' for the contract or work.
Investigations and studies performed by Commissions,
vis., the Blue Ribbon Defense Panel appointed by Presi-
dent Nixon and Secretary of Defense Laird, and the Com-
mission on Government Procurement established Uy Public
Law 91-127, or by the RAND Corporation under contract
to Headquarters, United States Air Force, will receive

greater cooperation and access to data than research

sponsored by a third level subcommand. ™Se higher the

granting and sponsoring authority, the broader tune char-

ter and authority. For procurement research to achieve

its desired ¢ jectives, it must have spornsorship of suf-
ficient authority, and the authority must be exercised

if roadblocks in data gathering occur.

However, the task of the researcher in procurement

does not end here, it merely begins.g Access to data

does not guarantee availability or accuracy. Strange as

it may seem with the large sums of money 2xpended by DOD

on management information systems, gencrating data banks
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dnd making computer printouts, often the data desired is

not available. And, usually what is available will be

neither uniform nor rnndo-.w’ll The researcher is then

faced with the choice of obtaining the data via survey,

required input reports, detailed rescarch into files and

records, personal interviews or any combination thereof.
When confronted with these situations, certain pitfalls
must be recognized. If the data is to be gathered via
written survey or report, the needs must be stated in

m expligit, précise and thorough manner, or else the re-

12 Back-

Sults will be diverse, general and meaningless.
ing of the sponsoring activity may be required to assure
suspense dates are met. Now three situations can occur
to complicate the research if record reviews and personal
interviews are used. First, most large procurement pro-
grams span a considerable length of time, usually three
.0 ten years. In this time personnel turnover occurs in
the project office or procurement shop. Second, cost/
funding accounting and coding systems, as well as manage-
ment reporting systems and procedures, change over time.
Third, the record disposition pnlicy is such, that in
many cases files are retired or destroyed after one or
two years. Such a policy helps assure working space for

project personnel. Thus, the researcher finds that proj-

ect and procurement personnel are either no longer avail-

able or were not associated with the program or contract
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at an earlier point in time. In addition, the records
and files are scattered or are not available if the re-
search extends beyond two years and are often difficult
to correlate.

Another factor to be discussed, which relates not
only to the availability and access to data, but also
bears on the number of publications in the open litera-
ture. This factor is classification of the information,
data or publication. The general classifications which
confront the researcher are the security classifications
of Confidential, Secret and Top Secret. Other classifi-
cations are For Official Use Cnly and Private, the two
being synonomous, with the former used by Government and
the latter by industry. Any one of these classifica-
tions may prevent the data from being readily available

or published.13

Military directives require a series
of internal reviews for safeguarding military security
before information or data can be released for publica-
tion.l‘
The last factor or pitfall to be covered is per-
haps the most difficult of all for the researcher to
recognize and overcome. This factor can be titled
'self-preservation.' Government procurement and secur-
ity have much in common. Security deals with classi-

fied information which affects the security of the na-

tion and its people; procurement of defense materials




also affects national security, and it generates expendi-

tures of the people's money. To mishandle or error with

one's own money is a personal matter. To do so, uninten-

tional as it may be, with public money, is to stir the

wrath of higher echelons, other Government agencies, Con-

gress and the public.

Vitriolic criticism of personnel

responsible for large and small projects has caused more

than one personnel shift or deperture. A security viola-

tion or an error with public funds can have a far reach-

ing personal impact. Therefore, a certain apprehension

exists in the mind of the person furnishing data or being

interviewed. In the overwhelming number of cases this

. apprehension is not because of their having personally
(" errored, but because of the possible misinterpretation
or misuse of the data and the consequent repercussions.
A five minute interview or the completion of a short
survey form may result in days or weeks of explaining,

justifying and/or supplying supplemental data to higher 1

headquarters to answer certain statements in the re-

search report. This extra effort does not contribute

to the individual's job, but rather it detracts because

. . 4
of the time spent. As a result, the researcher first

finds a built-in reluctance to provide intervrviews and

data. As one individuai aptly stated i1t, "¥ho needs

it?" Or another who said, '"You only have to be bitten

cnce to learn."

Many of the individuals who must supply
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the data or be interviewed will be at lower levels in the
organization. Generally, they will fail to see the bene-
fits to be derived from the research or study. They

only see that time and effort must be taken from their
normal, daily duties to provide data; data which, if mis-
used or misinterpreted, will result in additional work,
evoke criticism or perhaps even jeopordize their job se-
curity. Supervisory and higher levels of management in
an organization being interviewed or supplyirng data pose
a similar problem. Their present positions are the re-
sult of their achievements and performance, past and
present. Most are battle-wary; many are protective and
conservative, Most have been 'bitten,' at least once,
tew desire the notoriety associated with being part of
the research, much less the loss of manhours which may

be required to support or contribute to the research,
either on thcir part or their organization.

Because of the difficultiss described above, the
researcher must spend considerable time and effort culti-
vating his data source. This includes assuring and
authenticating his authority, needs and intentions.

Many contributors will request an opportunity to review
the study before i1t is finalized. Still, the researcher
must look at whatever data he may obtain with a jaundiced
eye. Two questions must always be kept in mind: (1) Is

this all ths deta available? anl (2) Is it accurate and

w2
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frce from bias? Avoiding all these pitfalls lengthens

considerably the time required to gather meaningful and

accurate data and information on procurement matters.
The researcher in procurement, perhaps more so

than in other fields, often faces a situation which I

choose to call 'the gardener's dilemma.' The analogy is

along these lines. He has been given permission to dig

on another's land in hopes of cultivating data which may
later blossom forth with nev ideas, theories or advances.
However, occasionally he may stumble on some bones in
the course of auis digging. These bones belong to the
'bodies of past mistakes' that were made, buried and
hopefully forgotten. The gardener's dilemma simply
stated 1s: 'Does he overiook the bones and pretend he
never saw them, so as to continue digging and cultivat-
ing; or does he uncover them, show them and thereby pos-
sibly lose his digging rights?"

Performing research in defense procurement offers
a real and worthwhile challenge. 1t is fraught with
problems, difficulties and pitfalls. No matter how many
articles or statements th> uninitiated may read, or how
many times he i- told, the difficulty ef doing such re-

search becomes obvious only after cne atrempts it.

For the individual who desires to do research in

procurement I offer these guidelines.
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Learn the procurement process and language in
general; your area of interest in detail.

Obtain a sponsoring activity/individual; one
whose interests, stature and authority are com-
mensurate with the research.

Recognize and anticipate the pitfalls which
lie ahead.

Have patience, perserverance and empathy.

Believe in the research; its need to be accon-
plished and your desire to perform it.

=
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- Monica, Callforn1a January 1964 p. 2. ,

. ticularly data relatlng to military development

.ton, February 10, 1970

, servatxons on paper."

U.S. ‘Congress, Joint Econom1c Commit tee, Subcomm1t-
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Marshak, T. A., The Role of Project H1stor1es in the
Study of R§D,. P-Z850, The RAND Corporation, Santa

"The compxlatxon of a number of detailed historical

case studies began at RAND some years ago but be- L
cause of security: considerations orily a few studxes

have been issued to the general public."

Ibid, p. iii.

“As is well known, scholatly 1nvestlgat10n of R§&D
economics and decxs1on making has suffered from a
dearth of empirical and comparatxve materials, par-

pro;ects."‘ |
Roback, Herbert, "From McNamara to La1rd Passing
Reflectlons on Defense Procurement Reforms," Ad- "
dress to The National Security Industrial Associa-

tion, Sympos1um on Defense Subcontracting, Washlng-

!

Meod these remarks are tentative and rather gen-

eralized. The subject is worth scholarly treatment.
In my :job I do not have much time to reflect, and

so 1 took just brief moments out to put these ob-

tee on Economy in Government, The Economics of M111-;
tary Procurement USGPO Washington, May 1969.

U.S. Comptroller ueneral, General Accounting Office,’

Status of the Acquisition of Selected Major Weapon

Systems, COmptroIIér Cencral of the Unlted’States
ashington, Pebruary 6, 1970.

., Action Requ1red to Improve De-
rtment of Defense Career Program for Procurement
ersonnel, Comptroller General of the United States,

W §ﬁlngton, August 13, 1970. ’ '

To "introduce (one) to the negotiation, and manage -
ment of defense contracts" Dean F. Pace requires
834 pages in his book, Negotiation and Management
of Defense Contracts, Wiley-Interscience, New York,
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Perry, R. L., et al., System Acquisition Experience,
RM-6072-PR, The RAND Corporation, Santa Monica,
California, November 1969.

In Cost Functions and Bud;ets (Cost Considerations
S

in Systems Analysis], P- 9, Tne RAND Corporation,
anta Monica, California, February 1968, G. H.

Fisher discusses: A major difficulty - the data
problem, why there is a data problem, and provides
some suggestions for dealing with it. (pp. 21-40)

Perry, op. cit., p. vii.

“Various data retrieval systems exist, but the under-
lying problems of defining, categorizing, and under-
standing program growth are accentuated by lacunae,
ambiguities, and uncertainties in the data."

Marshall, A, W. and Meckling, W. H., Predictabilit
- of Cost, Time and Success of Development, P-1821,

The RAND Corporation, Santa Monica, (California,

- December 11, 1959. Note 9.

‘"The data Burssell was able to get are particularly

-messy. Therefore, a good deal of judgment has had

to go into the construction of these estimates of
factor increases. But even after the most prudent
treatment, the data from which the factors were gen-
erated leave much to be desired and a good deal of
caution is needed in interpreting the results."

Perry, op. cit., p. 1.

"The questionnaire, therefore, sacrificed richness
of detail in the interest of obtaining unambiguous
answers that could be validated if the users de-
sired."

'In response to a data request, an OASD(I§L) letter

of 6 January 1971 stated,

". . . recommend that you proceed through Air Force
channels in obtaining a cooy of a SAR. "The reason
for this is that all of these reports are classi-
fied and any release would have to be controlled
accordingly."”

U.S. Air Force, Release of Information to the Public,
AFR 190-12, January 10, 1969,
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Item 13, Abstract

Class IV aircraft modification programs were compiled: C-130 Center
Wing Replacement and BE-52 Stability Augmentation System Installation,
The research indicates that large modification programs are micro-
cosmg of systems acquisitions and incur cost growth for similar
reagons. The research also indicates the total modification program
cost is not fully recognized. A metnodology for further investi-
gation is proposed,




