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Preface

The purpose of this research was to examine the impact of dual
sourcing on operation and support. Although a lot of research is now
being published which examines the effect of dual sourcing on
acquigition, this appears to be the firat published attempt at examining
dual sourcing and operation and support. As a firat attempt, it zerves
an exploratory purpose: defining the boundaries of the problem and
areag for future concentration.

I used every method available to accomplish this purposge: life-
cycle cost study, interviewing experta, and a manual szearch for case
gtudies. The life-cycle cost study yielded a mode]l and some 1tems to
gtudy, but the Air Force currently doea not have the cost data for the
items. In other words, it was impossible to validate the model at this
time. However, some ingightas were gained which I believe will help
future researchersz as more data and experience become available.
Remember, dual sourcing iz a fairly recent phenomenom; not a lot of
experience ias available--especially in operation and auppport.

I was amazed at how helpful everyone waa. The Air F.rce employs
gome wonderful people. A special thanks iz in order for Tom Frantz and
the rest of his crew at HQ-AFLC. Larry Milligan and Bob Tonar of the
Defense Electronice Supply Center were major contributors to the guccess
of this thesis. Erneat Curry and his friendas at the Air Force
standardization office did their utmost for me on the basis of a phone
call. Major Hicks took time out of very busy schedule to explain the
F-16 program to me and some of the dual sourcing impacts. The AFIT

library people cut many houra off of the research by going out of their
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way to be of help. I’'ve never geen anything like it in Government or
private service--except perhaps in insurance salesmen. They all are
wonderful.

A special thanks is in order for my thesis advisor. An exploratory
gatudy ig a difficult asaignment. Also, AFIT does not train itas students
in how to do an exploratory thesis. An unusually heavy burden was
placed on Dr. Roland Kankey as he guided and encouraged me through this
research. I deeply appreciate his help. It may sound trite, but
without his help this thesiz would have never even been attempted--much
leag brought to completion.

The greatest burden of a thesis probably falls on the family. I

know they will appreciate having me really "home’, again.

Stephen C. Miller
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Abstract

Past regearch on dual sourcing dealt with acquisition. Since
typically the majority of a major gystem’s cost occurs during operation
and support, this has left a large gap in the literature. Also, the
impact of dual gourcing on supportability and readiness has not been
examined. This theasis is a firat attempt to plug that gap.

The thesis attempted to anawer three questions:

1. What operation and support elements are affected by dual
gourcing?

2. 0f the elements affected, which are significant, and do they
become more--or less--expensive?

3. What does recent experience with O & S effects of dual aourcing
tell the DOD manager?

This was attempted using a life-cycle cost model, through cage atudies,
and expert opinion. Although an appropriate coat model was developed,
coat data wasz not available to exercige it. Current databazes have not
been in place long enough to provide the necessary data. Also, many of
the cost elementa of interest are not collected.

The literature, case atudiea, and experts, revealed that the
primary determinant of the impact of dual sourcing on operation and
support comes from the degree of configuration standardization imposed
by the method uged to create or maintain additional sources. For this
reagon, experts in standardization provided a wealth of detail useful to

this astudy.
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Four ot the methods used to create additional sources put identical
itemg in inventory. Form, fit, and function dual sourcing does not. It
identical items are produced, there may be contiguration control
problems among manufacturers, but competition in gpare parta and
maintenance can be a real benefit.

The literature predicted that form, fit, and function dual sourcing
would produce additional costa and inconveniences during operation and
gupport. This is the result of maintaining multiple configurationa of
an item in inventory. The casze studies and expertsz auggest that this
can indeed be the case, but that adequate planning can reduce negative

impacts significantly.
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A STUDY OF THE EFFECT OF DUAL SOURCING

ON OPERATION AND SUPPORT

I. Introduction

Chapter Qverview

The Department of Defenge haz turned to dual 2ourcing in order to
increage opportunities for competition. The Government believes
competition can hold down cost, while not sacrificing quality and other
benefits. Dual gourcing extends competition into production,
traditionally a sole-source environment

Researchers have only studied the impact of dual sourcing during
development and production. This leaves a zignificant gap. The
operation and support phagze of a major system’'s life iz typically the
moast expenaive. Also, thias concentration on acquisition neglectz the
impact of dual sourcing on readinesa and support. This theais attemptsa
to plug that gap. It ia a first look at the reat of the story: the

effect of dual sourcing on operation and support.

Background

The Acquisition Goal. The Department of Definse recognizes that
price is not the only factor to conzider when purchasing weapons and
suppliea. Kernan and Mencker cite the mandate in the Armed Services
Procurement Act of 1947 that:

Award shall be made...to the presponaible bidder whosme bid...will be

moat advantageous to the United States, price and other factorz
congidered (Kernan and Menker, 1976:1-1).




Balancing °“price and other factors® is a goal in both Government
and commercial markets. During a gzeminar, William J. Devaney, Prezident
and General Manager of Stanley Vidmeir, Inc., said

I heard the word price quite a bit this morning. I cringe when [

hear that. The name of the game iz value (Purchasing World,

1984:56) .

Thia balancing of price and other factors to obtain the most
advantage, or value, is difficult. Difficult choices must be made. Dr.
James P. Wade, Jr., an Asaistant Secretary of Defense for Acquisition
and Logistics, had this to say:

Our acquisition atrategies might be good, they might be fast, and

they might be cheap, but 1 think we can say that they can’t be all

three at the zame time...(Correll, 1986:84).

From time to time, the choice of emphamized factoras changes.

Powers and Recktenwalt believe that the launching, in 1987, ot SPUTNICK,
the firat succesgful orbiting satellite, was such a time. Time and
technology--more than price--became the driving factors (Powers,

1978:12-13).

The Problem: increasing cost. Somewhat later alarm began to riage

when it was realized that weapon costs were getting out of hand. The
Department of Defense realized that to continue to acquire weapons
without a greater emphasigz on cost would result in a force effectively
imposgible to both buy and use.

Increage in unit purchage price. The purchase price of
aircraft, for example, was--and is--riaing exponentially (Oreen,
1984:36) . Norman R. Augustine, former Aggistant Secretary of the Army,
pointed out--somewhat facetiously--that extrapolating present trends

into the next century leads to an alarming conclusion: the cost of
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aircraft will continue rigse to the point that this country will be able

to afford only one.

The unit cogt of major items of military hardware hasg been

increaging at a significantly faster pace than the DOD budget

itgelt, or for that matter, the Gross National Product. It i2 a

relatively straight forward calculation to show that if the

trendgs which have prevailed so congistently over the laat halt-

century were to continue for a few more decades, we will reach a

point in the year 2036 where the Defenae Department will literally

be able to afford only one aircraft (Augustine, 1975:34).

He gave similar projections for tanks and ships. 0f coursge, he
states that somewhere a correction would eventually be made. To allow
such a trend to continue would be idiotic.

Increase in operation and support costg. At the same time
that purchaze price was increaging, analysta noticed that the cost to
uge and maintain weapons was alzo becoming unacceptable. Botkin
(1986:4) reports that in 1968 operation and support costa exceeded 80%
of the coat of weapons systems. In 1974, Department of Detfenae
operation and support costs rose to 70X of the budget (Botkin, 1986:5).

With theae numbera in mind, Boileau, in hig article "I dreamed We
Went Nowhere in our Solid Gold Airplane,’ (1976: 6-7) maintained that:

You don't have to be an economics expert to conclude...that DOD

manpower and operations costa are chewing up the budget, such that

in time there won’'t be money left for procurement.

0t courae, his extrapolation has not come to paaa. Still,
operation and support coats accounted for a majority of DOD expenges
between 1980 and 1985. Actual figures were 56.9, 56.6, 55.8, 53.9,
52.1, and 57.1 percent of the DOD budget during the years 1680 to 1985,
reaspectively (Botkin, 1886:8).

Although the money left over for procurement has not dropped to

zero, as predicted in 1976, the problems caused by high operation and




gupport costs still plague the Department of Defense. In 1986, Dr.
James Wade felt it was important to point out that operations and
support costs lock funds into maintenance and support of existing
gystems. Az a result, there are fewer diascretionary funda for new
weapong. Since new weapong cannot be bought, old weapons must be kept
in gervice longer (Wade, 1986:27-29).

The zolution. Two of the methods that the Department of Detense

adopted to attack these increasing costs were--and are-- 1) an emphazie
on lite-cycle costing, and 2) increased use of competition during
acquisition.

Lite-cycle costing. To attack the increage in operation and
aupport coats, the Department of Defenase started to evolve the life-
cycle coat (LCC) concept in the early 1960=2.

The objective of life cycle costing is to lower a system’'s life

cycle cost by atriking a balance between acquisition and 0 & 8

coats (Sims, 1978:12).

The Department of Defenge felt that too much emphazis was being
placed on acquisition cost--and not enough on costs incurred during the

rest of the system life-cycle (Kernan and Menker, 1876:1-1).

0f course, the result of this emphasis waz a host of regulationa

requiring the Department of Defense to carefully consider life-cycle |
cost before awarding anything other than a small contract. For example, i
the Federal Acquisition Regulation (FAR) requiree an acquisition plan J
that asks for a discussion of "how life-cycle coat will be congidered’.
"It not uged,’ the deciaion maker muat “explain why" (Department of

Defense, (General Services Administration, and National Aeronautical and

Space Administration, 1884:7-108). AFR 800-8 requires that "plans [be]




eatabligshed which ensure application of LCC disciplines throughout the
acquigition proceas” (Department of the Air Force, 1986:15). DOD

5000.1, Major System Acquisitionsg, mandates that: °"A cost effective

balance must be achieved among reasearch, development, production, and
ownerahip costz of major syatems...® (Department of Defense, 1986b;2).

Some other major regulations requiring life-cycle cost analygia
are:

DODI 5000.2 - Major System Acquisition Procedures (Department of
Detense, 1986¢),

DODD 5000.4 - Office of the Secretary ot Defense, Cost Analysais
Improvement Group (Department ot Defense, 1980), and

DODD 85000.39 - Acquisition and Management of Integrated Logistics

Support for Systems and Equipment (Department of
Defense, 1983).

Increased use of competition. To combat the burdensome rige
in purchase price without sacrificing other goals, the Government has
turned to increased use of competition. Former Secretary of Defense
Weinberger held the widely-shared view that:

(We] must give greater attention to obtaining competition in the

placement of contracts by all DOD components. The benefits of

competition are well known. Competition serves to reduce costs,

improve quality, and enhance the industrial base (Weinberger,

1982:1) .

The legislative branch alao szharea this opinion. Represgentative
Jim Courter (R-N.J.) said:

We recognize that competition doesn’t solve all probleme, but

generally we believe that there haz been too little of it, and we

want more of it (Correll, 1986:88).

In 1984, Congress paszed the Competition in Contracting Act (CICA).
CICA further emphamized competition (Little, 1986:39-40). Alaso, for the

firsat time dual sourcing was gpecifically permitted as a meana of




reducing cost (Little, 1986:40; General Accounting Office, 1084:10).
Before then it was only expressly authorized in order to promote
national defense and aid industrial mobilization (General Accounting
Office, 1984:10).

Dual sourcing allows the Government to have competition during
production. Traditionally, the Department of Defense has had
competition during concept development and prototyping, but has awarded
a single contract for production to the winner of the prototyping
competition. From then on, during production, the military had only one
gource. Dual sourcing allows competition to be continued (Sellers,
1983:10) .

Since CICA the Department of Defenze has attempted to apply dual
sourcing whenever it seemed to hold the promise of price reduction.
Little (1986:11) mentions plans to dual source several major programs:
the MX missile, the cruise missile, AMBAAM, and the engines of the F-16.
One enthusiastic supporter is QGeneral Eaglet, formerly Air Force
Armament Divizion Deputy Commander for Research, Development, and
Acquigition. Dornheim, in hig article "Use of Dual Sourcing Increaszes

in Weapona Systems Production,” quotes him as saying:

We're trying to get multiple sources for everything that we have

coming down the pike, even at the expense of considerable
turbulence from time to time, or posszible delay in the progranm

(Dornheim, 1986:48).

Specific Problem
Logically, with 0 & S coste running at around 50% of the DOD

budget, policy makers would want to carefully examine the affect ot

every acquigition policy on O & S costz. But a literature review




reveals no instance where researchers analyzed the impact of dual
gourcing on operation and support. Only acquisition has been studied.
Without thisa knowledge, the Department of Defenze cannot, for example,
effectively “lower a systems life-cycle cost by striking a balance
between acquizition and 0 & S costa" (Sims, 1978:12)--the objective of
lite-cycle cost analysis--when dual sourcing is involved. Ernest
Curry, life cycle cost analyst, confirme this.
The total impact of competition cannot be determined szolely from
acquigition coata. Conaideration must be given to the maintenance
concepta to determine whether the acquisition coat savings are
eroded by the addition logistics support required ...
The potential acquisition savings from competition could be
gsignificant. However, the total LCC impact will require an in-
depth analysis including various maintenance conceptas (Curry,

undated:2).

Importance of the Research

Total life-cycle cost--not just acquisition cost--ghould be
examined when studying dual sourcing. Operation and support coats can
form most of a syatem’s life cycle cost. A former Deputy Assistant
Secretary of Defenae for Logiasticas and Material Management said that:

The cumulative operationas and support coat over the life of major

weapon aystems invariably exceeds total development and production

costa (Webster, 1982:8-68).

Why, then, have just development and production, or acquisition, been
examined when dual sourcing haz been studied? Perhaps Robingon and
Sullivan found the reason during their study of dual-sourced ship
building. They believe that the program managers just do not know how:

Long-term costs versus instant savings have not been examined in

depth. This is more due to a lack of methodology than a lack of

intereat or deaire on the part of program officera (Robinaon and
Sullivan, 1986:62).




Implied i1n their conclusion is an unfulfilled need for information on
the impact of dual sourcing on the rest of the life cycle coats, namely,
operation & support and disposal coats.

Thus, studies and decigions examining the affects of dual
sourcing which neglect life-cycle cost are not just ignoring the
regulationa cited earlier; they are also ignoring the largest proportion

of life-cycle coats for major gystems.

Objectives of the Study

The objectives of this ztudy are to address this important issue,
to plug the significant gap left by researchers, and to supply
information to aid decision makers in determining the impacts of dual

gourcing optiona on operation and support.

Investigative Questions

The anaswers to the following questions should provide information
necessary to help make better decisions on the effect of dual sourcing
on the operation and support phagse of the life cycle.

1. What operation and support elements are affected by dual
gourcing?

2. 0Of the elements affected, which are aignificant, and do they
become more--or legs--expenszive?

3. What does recent experience with 0&S effectas of dual sourcing
tell the DOD manager?

Limitations of the Study.
Operation and support cost emphasis. Since many studies have

already examined the impact of dual sourcing on acquisition, this study
only deals with operation and support (Air Force Bugineszs Regearch

Management Center, 1087; Beltramo, 1986; Grosson and Augusta, 1986).




The effect of dual sourcing on the last phase of life-cycle costs,
digposal, will not be studied. According to the Directorate of Cost
Analysis, Comptroller, Aeronautical Systems Division at Wright-Patterson
AFB, disposal costs "are often very zsmall in comparison to the other
categories” and are, therefore, “zeldom estimated in most analyses’
(May, 1982:2-2). They can become gignificant if toxic materials, for
example, are involved (May, 1982:2-2).

Coat Emphagig. Cost reduction is the most often mentioned reasgon
for dual sourcing (General Accounting Office, 1984:10). For this
reagon, thia atudy focuses heavily on the economic effect of dual
gourcing on operation and support.

Other goals or impacts not mentioned include those which are
programmatic (achedule, quality, etc.), strategic (surge capacity,
industrial bage), and socio-economic (smal]l and minority buainess goals,
etc.) (General Accounting Office, 1984:16-19).

Avionica Emphasis. Most of the information used comes from the

area of avionics. However, the information presented here should be

ugeful to managers of other types of equipment as well.




II. Literature Review

Chapter Overview

Although little, if any, empirical research hae been done on the
impact of dual gourcing on operation and support, expertz have expreased
their opinionsg in their atudies of acquisition costa. They believe that
two dual gourcing optiona may influence operation and support costs:

1) the method chosen to create the gecond source, and 2) the method

chosen to divide the award among the manufacturers.

Creating the second source

Four of the five methods used to create additional sources require
all sources to produce the same atandard configuration, while one does
not. This effectively divides dual-sourced items into two categories.
Thege terms, among others, are defined in Appendix A. Theae categories
impact operation and support differently.

Identical configurationg. Four of the methods used to create a
second source require contractors to produce identical configurations:
technical data package, directed licensing, leader-follower, and
contractor teaming. Thia has both its costs and benefits.

Configuration Control. In order to keep items from each
manufacturer identical, extra effort must be made in configuration
control.

Maintenance of the data package and coordination of engineering

changes are more complicated when more than one contractor is

involved in production of the gystem (Sellers, 1883:13).

Grosaon and Auguata believe that this problem can extend into the

operational life of the item or system. Configuration control muat
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continue to be maintained as the item or system evolves with use
(Grogson and Augusta, 1986:35). Some doubt that identical
configurations can ever be achieved. After studying dual-sourced ship
acquigitiona, Robinson and Sullivan (1986:30-31) concluded that it 1is
impoagible to get completely identical configurations.

Even if all systems and subsystems were identical in the two ships,

methods of fabrication at the two shipyards would generate

differences in the final product (Robinson and Sullivan, 1886:30).
They teel the atfectas of dual sourcing will linger because of these
configuration problems.

The long-term effect of having two clagses of ghipg in every

program that is dual sourced will not be felt until years after

they are in the fleet being supplied and maintained to diftferent
contfigurations (Robinson and Sullivan, 1986:63).

Non-Identical Configurationga. One method of creating or
maintaining additional sources does not require identical items: form,
fit, and function (F3). An F3 contiguration requirement makes the
internal configuration the regponaibility of each manufacturer. Thus,
many o! the configuration control problems are by-passed. But form,
fit, and function has its own problems.

For example, if the Government wants to be able to repair the item
itselt, multiple configurations require multiple sets of technical
orderg--one for each contiguration (Robinson and Sullivan, 1986:17. The
Government must budget for training time and material for each
configuration (Grosson and Augusta, 1986:38; Sellers, 1983:13), and
perhape additional test equipment (Robinzon and Sullivan, 1986:17;
Sellers, 1070:88). Also, since the internal configurations are
difterent, repair requires stocking of the internal parts from each

manufacturer.
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This runs counter to the Air Force standardization effort.

Standardization reduces the number of items in inventory performing the
same function. Starting with several unique systems, subsystems,
modules, or piece parts; standardization replaces the functional
equivalents with either F3 or identical items. Dual sourcing’'s starting
point for evaluation, on the other hand, is a unique item. If F3 dual
sourcing is used, the result is two or more items performing the same
function. Standardization moves toward simularity of items; F3 dual
sourcing moves away from simularity items. In other words, F3 dual
sourcing destandardizes.

Rosensteel mentions some operation and support cost elements impacted
by standardization. These are listed in Table I. Notice the gimularity
between the cost elements listed in Table I and those mentioned earlier
that are impacted by dual sourcing during operation and support. Also,
notice that the impact of standardization is, in many cases, the
opposite of dual sourcing. In other words, standardization impacts many
of the same elements that dual sourcing does, but in the opposite way.
Both %techniques can result in form, fit, and function items. Thig also

causes some simularity in the end result of both techniques.

12




TABLE I
List of O & S Cost Elements Relevant to Standardization

Spareg. Common systems require fewer gpares than when different
alrcraft have unique subsystems.

Support Equipment. Quantity reduced because one common syatem is
likely to require less equipment than several gystems performing the
aame function.

Maintenance Training. Training ig reduced when there iz only one
gystem to learn to repair.

New Technology. With F3 standardization, new technology can be
ugsed as it appears. This increases mean time between failure (MTBF).
This haz the same impact whether caused by dual sourcing or
gtandardization.

Supportability. With fewer parts to manage, zupportability is
increased.

Contiguration Control. Configuration control effortz muat be
increaged with F3. (This has the same impact whether cauzed by dual
sourcing or standardization).

(Rogensteel, 1987:3-4)

F3 has one further potential disadvantage. Since the contiguration
of the item differs from contractor to contractor, the Government must
return to the original manufacturer of each item for repair and spare
parta. The Government may find itself once again zeeking repair or
repair parta from a sole source, a monopoly (Sellera, 1083:13; Robinson
and Sullivan, 1086:17). With planning, it may be possible to avoid this
trap. In the tighter engine request for proposal isaued 18 May, 1083,
the Air Force requested that dual sourcea be establizhed for spare parts
(Drewea, 10883:116). It worked.

@General Electric pledged not only to find and train dual sources,

but also to stay with them until the Air Force waz satisfied that
second sourceg had really been established (Drewes, 1983:128,129).
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Thus, despite having two form, tit, and function enginez in inventory,

the Air Force has the option of obtaining spare partz competitively.

Competition for gpares and repair

With more than one manufacturer available, and uaing dual-gourcing
methods where configurationz are (theoretically) identical from
manufacturer to manufacturer, there exiats more than one szource
available capable of producing or repairing the system or any part of
the aystem. In other words, if the itema are indeed identical, the
Government can competitively purchase gpare parta and repair capability.
It this ig the caze, the Government mugt make zome further decisiona.
Firat, should the contractsz be awarded sole source or competitively?
Second, if the award ig to be competitive, should it algo be aplit among
the bidders or should it be the traditional “winner-take-all” ?

Finally, if the award is to be split, how should thiz be done? In thia
case, the experience gained in awarding production contracts applies
directly to the operation and support phase of the life cycle. Beltramo
whole-heartedly recommendas periodic winner-take-all competition. It
that ia impoassible, then split awarda zhould be made with caution
(Beltramo, 1986:10).

Empirical evidence. The General Accounting Office (1084:20,34)
reviewed early atudies claiming substantial acquigtion coat savings from
the increased competition of dual sourcing. These studieaz reported coat
gavinga of up to 30X after dual sourcing had been introduced. However,
ag the title of the General Accounting Office report (1984:title page)

concludes, Cost Effectiveness of Dual Sourcing for Production Price

Competition is Uncertain. The dramatic savings from dual sourcing cited

14




in the GAO report may not be as easy to obtain with larger ayastems.
According to Grosson and Augusta, Sherbrooke and Azsociateg reviewed
seven earlier studies claiming dramatic savings. These dealt with large
numbers of relatively inexpenszive {tems. After gtudying larger
purchagea, they concluded that savingas from competition on larger aytems
are unpredictable (Grosszon and Augusta, 1986:34). Grosaon and Augusta's
(1986:34) own study reached the same conclusion.

Beltramo’s research aubstantiates these conclusionz. Beltramo
studied 25 major dual asourced weapons systems which had previoualy been
purchased from a single source. Of the 25 systems examined, only gix
gshowed a decrease in price compared to the azole source price. In fact,
12 ot the 25 showed an increase in price (Beltramo, 1886:6).

In summary, the Government has quite routinely obtained lowenr
prices with smaller items like zpare parte. But dual Sourcing of major
saygstems i3 more risky.

Theory. Theory pointa to fundamental problemsz with the competitive
atfect of dual sourcing. Both theory and evidence indicate that the
competitive affect is not as great as under the usual winner-take-all
competition. Because the low bidder ia guaranteed zome portion of the
award, there ig less risk than being the low bidder and getting nothing.
Thieg guarantee allowe the contractors to do some price gaming. For
example, neither contractor should have as much incentive to hold down
the coat of its bid on amaller quantities if ita guaranteed at leasat
that portion of the award.

Thiz guaranteed aplit of the award changeas the nature of the

competition by altering the market. By guaranteeing a portion of the
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award to all bidders, the Government is using the term “competition’
much more loosely than under the usual “winner-take-all® procedure.

At the minimum under ‘winner-take-all® competition, a monopsony
exiatg, a market in which there are geveral gellers and one buyer. In a
monopsony, sSellers are deemed to have little control over price;
therefore, effective competition exiazte (Department of Defense, 1980:2-
3). By guaranteeing a portion of the award to each offeror, the
Government is creating something akin to a bilateral monopoly with each
contractor. It would be expected that a market that becomes more like a
monopoly would be leass competitive and prices would rigze. Thig appears
to be the case. However, the market still has some of the
characterigtics of an oligopoly. An oligopoly is a market with ‘a small
number of firma and a great deal of interdependence...among them’
(Mansfield, 19885:364).

Interdependence refers to the way the oligopolist ia influenced by the
other firms’' policies in the market. Since there are a zmall number of
firma, each has a gignificant influence on price and quantity.

Thig difference in the market may cause the contractor to bid based
on factorgs the Government hag not even congzidered. The Government
aggumes *hat contractoras want the larger portion of the award and are
motivated by profit. Either or both of theae concluaions may be falge.
Inatead, such factors as production capacity, production coata compared
to competitors, and reputation may be stronger influences (Meeker,
1984:8) .

For example, if a company has all the production lined up that it

wantg, it may not be aa motivated to go after the larger portion of the
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award. It can raise it3 price on both the small and the large portion
of the award. It can raise the price on the small portion of the award
because it is guaranteed at least that. It can raize its price on the
large portion to the point where it feels it would be worth its while to
produce despite the lack of economical capacity.

Perhaps one competitor has lower production costa because of
experience. This knowledge could influence bidding of both sides by
influencing expectationa. One contractor might not try for the larger
amount and thus raise the price on the smaller quantity. Boger and Liao
(1987:32) claim to have found evidence of this kind of bidding behavior.

Quantity Split Methodz. In an attempt to increase competitive
pregsure to pre-dual-sourced levels, four other methods besides the
usual tixed-percentage gplit have been used or propoased to split the
award.

Solinsky developed a method which varied the split proportions
according to the difference between the offeror’s bida. This method
fails to eliminate price gaming it both contactorz are guilty of it
(Boger and Liao, 1887:35; Kish, 1986:4). Meeker (1884:3) points out
that a contractor can bid 20 that it receives the same profit no matter
what proportion of the award it eventually receives.

Pelzer suggeasted including quality and other factorz in the award
formula. Boger and Liao see merit in this approach:

{The model]...does not have apecific measures to cope with .

price gaming strategiea, (but] it recognizes the problem of

unreagonable bid prices and makes a modest attempt to addreazs the
iggue (Boger and Liao, 1987:38).
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The Profit Related to Offera (PRO) Concept awards equal proportions
to each offeror but gives a larger profit to the low offeror. Thiz
method also does not deal with a contractor satisfied with a minimum
profit.

The Dual Competitive Award Method (DCAM) requires each contractor
to aubmit a learning curve estimate with each quantity requested. Thiz
data is massaged to calculate the gplit ratio that yields the lowest
cogt to the Government. Boger and Liao (1987:38) conclude that this
method alao does not prevent price gaming. It does, however, like the
Pelzer method, make a modest attempt to relate the award quantity to
pricing behavior.

Boger and Liao (1987:38) thuz find that none of the presgent
strategies prevent price gaming. Meeker believes the problem cannot be
solved. He concludes that °it iz impossible to engender competition
with profit as the motive by gplitting the buy® (Meeker, K 1084:8). He
algo conciudes that'...any scheme that does not provide for zero
allocation (removal of the guaranteed award) will engender reverse
competition® (Meeker, 1084:8).

Why then ig there a price decreaze in some casea? Sellersz (1984:8)
cites other factors which may be more important than protit. He
mentiong ‘prestige, grossz zales, use of idle capacity, and future
businesz”. He also believes the ever-watchful contracting officer can

catch price gaming and negotiate effectively with the contractors.

Conclusion
Although little has been written on the effect of dual gourcing on

operation and support coats, experts feel that the configuration control
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issue (destandardization) and the opportunity to competitively award
repair and spare parts contracts differ from the operation and aupport
environment of sole-gource production. Experts feel configuration
control plays a major role when dual sourcing ig introduced. They
believe there will be problems when more than one contractor iz
manufacturing the zame item. But to the extent that the items are
identical from manufacturer to manufacturer (F3 i8 not used), the
Government has the option of competitively awarding mainentance, repain,
and spare parte contracts. Despite the theoretical problems with the
competitive effect of dual sourcing, spare parta prices will probably be
lower. This may not be true of major aystemsa.

It F3 is8 uged to create the gzecond source, the configuration
control problems are by-pasaed. But a host of other problems appear.
These problems stem from destandardization. The benefits of
gstandardization are often the problems of F3 dual sourcing. However,

with planning, some of these problems can be overcome.
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II1. Methodology

Chapter Overview

This chapter describes how the impact of dual gourcing on operation
and support was examined. The firat task was gelection of a life-cycle
cost model. The second taszk was validation of the model. Thiz was
attempted using items in inventory, case studies, and expert opinion.
The third task waz collecting and describing other impact (other than
cost) revealed during data collection.

The ultimate goal would be an operation and support cost model
gengitive to dual sourcing and a complete deascription of other, non-coat
impacta. However, since this research has not been attempted before,

this study iz more of an exploration ot the field.

Selection of the Lifte-cycle Cost Model

Model Evaluation Criteria. In order to evaluate costs, some type

of life-cycle cost model must be uged. Mille (1977:16-19) zuggests

choosing a model using the criteria shown in Table II.

TABLE 11
Criteria for Evaluating Life-cycle Cost Models
Completenesas
Sensitivity
Validity
Availability ot Input Data
Documentation

Completeness. A model should include all relevant cost

elemente. In thiz case it muat include all elements likely to be
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affected by dual sourcing, particularly those mentioned in the
literature reviewed in Chapter II.

Sengitivity. This criterion recognizes that a complete model
may include cost element2 not relevant to the deciszion at hand. An
aralyst can pare a model to only the cost elements which concern the
immediate problem. With extraneous cost categories removed, the model
is eagier to use, and remains “sengitive®' to the problem. For the
purpogesg of thisg study, if a standard life-cycle cost model is used,
some cost elements may be eliminated if not relevant to dual sourcing
decisiona. On the other hand, some cost elementz may need to be added
go that the model is zenaitive to all the affects of dual =zourcing.

Validity. °The validity of a life cycle cost model isg a
measure of how well the model representa the real-world environment in
question® (Mills, 1977:17). This is ezaentially the result of
fulfilling the previous two criteria. A “complete” model is
repregentative; it is senagitive when it concernz the “environment in
question’.

Availability of Input Data. If the type of data required by a
model is either not available or is of dubious quality, then the model
and the rezults from the model will not be useful.

Documentation. If the assumptions and methods uszed in the

model are unknown to the uaser, the user cannot determine the validity of
the analysis.

Level of Detail. One other criterion should be added: level
of detail. May (1982:4-1) says that most modelz atem from either the

"annual squadron 0&8 cost or the Logiastic Support Coat (LSC) model”.
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Because of the level of detail required, this study needs a model along
the lines of the LSC model. As he gays,
The LSC style models are very appropriate in evaluating detailed
design alternatives at the component level. For example, they
could be useful in the selection of one contractor’s equipment,
such as an inertial navigation set, versus that of another
contractor (May, 1082:4-6).
Selection of Dual-gzourced Items
To exercize the chogen model, appropriate items must be found. The
goal was to find assembliea and subassemblies which had been dual
sourced during production. The operational definition used was “items
in inventory which have been produced by two or more manufacturers’.
Accordingly, the Directorate for Material Policy, HQ-AFLC/MML,
searched the D043 database for the jteme. The D043 database catalogs
all items in the Air Force inventory. It has the search capability to
select the items of intereast to the study. D043 selected items meeting

the criteria shown in Table III (Appendix B containsz further detail--

such as exact codes used):

TABLE III
Search Criteria

Purchased under competitive conditions

Item is repairable equipment

Interchangeable or substitutable with other items
Managed by Warner-Robins Air Logistics Center

w» Gl e

Competitive Conditiona. Thia was defined as an Acquisition Method
Code (AMC) of 2 or 3; 1.e., the item had been purchased under
competitive conditions at least once.

Repairable Equipment Limitation. This limitation was designed to

limit selection to items which are repairable. The literature review
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singled out costs stemming from repair as an category likely to be
affected by dual sourcing. In other words, a throw-away item would not
pick up many of the costs that need to be examined.

Interchangability and Substitution. Interchangability and
Substitutability (I & S) codes were used to find items which were
produced by more than one manufacturer in inventory. For example, when
an item manager receives a F3 item, a unique national stock number (NSN)
is agsigned to the configuration from each manufacturer. Since the
internal configuration of the item from each manufacturer ig different,
repair may require different handling of the item depending on which
manufacturer produced it. To identify the different NSNe as the zame
functional item, item managergz use I & S phrase codes which identify the
F3 relationship among them.

Limitation to Warner-Robing Managed Itema. Becausze of time and
cost congiderationa, items were gselected from the closest Air Logiatics

Center, Warner-Robins AFB.

Data Collection

To validate this study, three zources of data were examined: the
Visibility and Management of Operating and Support Coat (VAMOSC) aystenm,
expertg2, and case atudies.

VAMOSC. The D043 database identified the items to study; VAMOSC
was to supply cost data on the selected items. VAMOSC is the Air Force
0 & S cost library. It gathers and pools data from databases throughout
the Air Force (Department of the Air Force, 19885:10-11). VAMOSC was
developed because of the concerns mentioned in Chapter I that 0&S coeata

were getting out of hand.
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The DOD came to realize that all available resources could be
depleted in the support of existing weapon systema, with no funds
remaining to develop new ones (Department of the Air Force,
1985:4) .

VAMOSC ghould be the ideal syatem from which to obtain data for

thig study. One of its purposea ia to °...provide improved logistics
support cost information for use in acquiaition planning...  (Department
of the Air Force, 1985:83). Dual sourcing ig certainly a decision which
requireg careful planning.

VAMOSC is actually three 0&S coat libraries:

1. The Weapon Systeme Support Coat Syatem (WSSC)

2. The Communicationa-Electronice System (C-E)

3. The Component Support Cost System (CSCS).

Since this study examines gubassemblies, it uses the CSCS. Alao,
at this time the C-E system 18 not yet developed, and the WSSC gyastem
doesa not provide the level of detail necessary.

Experts. Whe: available, experts were also consulted. Although
empirical data certainly hag its disciples, expert opinion sghould not be
slighted. May (1082:5-14) feels that “functional area expertz’ are the

*...mo2t important data source (for) the 0&S cost analyst...".

Cage Studies. When possible, relevant cases were uged to evaluate

dual sourcing’'s impact on operation and support.
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1V. Findings and Analysis

Chapter Overview

After a review of component-level life-cycle cost models, the Cost
Analysis Strategy Assesament (CASA) model was chosen as the most useful
for this thesis. The D043 databasge crosgsreferencing capability
uncovered items which had been produced by more than one manufacturer in
inventory and of identical or F3 configuration. But VAMOSC proved'
unable, at this time, to supply the neceszary cost data for those items.
Consequently, an empirical exercige of the model must wait for the
maturation and expansion of VAMOSC. However, a search revealed experts

and case atudies with data relevant to this atudy.

The Lite-Cycle Coat Model

Selection of the Life-oycle Cost Model. Cost models reviewed were
the CASA, Life Cycle Coat Analysia (LCCA), Program Life Cycle Cosat

Documentation (LCC-2), Standardization Evaluation Program (STEP), and
Logistic Support Cost (LSC) modela (Hunt, 1983; Defensze Systems
Management College, 1986; May, 1982). 0Of the LSC type, component-level,
models reviewed, the CASA model most closely fultfills the requirements
of this study--particularly completeness. It containa, in many cases,
the cost elements by name which should be affected by dual sourcing.
Tables IV and V list the CASA coat elementz with the expected dual-
aourcing impact. Table IV liasta those effects expected from dual-
sourced iteme which are identical in configuration. Table V lists
impacts expected from dual-sourced, form, fit, and function items.

The left column of each table listg CASA operation and support coat
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elements (Defense Systems Management College, 1986:3-28,29).

The right

column of each table lists the impact, if any, that dual sourcing is

believed to have on the corresponding coat element s2hown in the lett

column.

All impactas use the aole-gource, single producer method of

acquigition ag the basis for comparison.

In other worda, they szhow what

change there would be from the sole-gzource environment to the

corregponding dual-sourced environment.

Table IV

Impact of Identically Configured Dual Sourced I[tems
on CASA Coast Elements

CASA Coat Elements

(S I PN ]

~2 o

10.
11.
12.

13.

Operation labor.

Repair.

Support equipment maintenance.
Recurring training.

Repair parts and materials.

Repair consumables.

Condemnation apares replenighment.

Technical data reviaions.
Tranaportation.

Recurring facilities.
Contractor gservices.
Engineering changes.

Miascellaneous.
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Dual-gourcing Effects

No impact.

No impact.

No impact.

No impact.

Lower coat through
competition.

No impact.

Lower cost through
Competition.

Configuration control cost
increase.

No impact.

No impact.

Competition poasible.
Contiguration control must
be increaaed.

No impact.




TABLE V

Impact of Form, Fit, and Function Dual-Sourcing
on CASA Cost Elementsa

CASA Cost Elements Dual-gourcing Effects

1. Operation labor. No impact.

2. Repair. No impact.

3. Support equipment maintenance. More equipment.

4. Recurring training. Additional training.

8. BRepair partz and materials. More parts unleas apecial
meagureg are taken.

6. Repair consumables. No impact.

7. Condemnation gpares replenishment. Competition possible.
Expected price reduction.

8. Technical data revigions. No impact.

9. Transportation. No impact.

10. Recurring facilities. More facilities required.

11. Contractor services. No impact.

12. Engineering changes. No impact.

13. Miscellaneous. No impact.

Since four of the coast elements are not expected to be atfected by
dual sourcing (1, 2, 6, 13), they were dropped from the model for the
purposes of thias thesig. The result waz a standard operation and
support coat model which can be uaed to aszesa dual sourcing operation
and support impacts. The nine CASA cost elementz are at Appendix C.

Selection of Dual-gourced Items. The D043 databage yielded about

30 poasible items. This wasz out of approximately 2.1 Million items.
The resulting list consisted mosgtly of avionics. For example, among the
items were an azimuth indicator, a radar receiver, a terrain computer, a
gyro, and a hoast of circuit carde. But other typesz of items were alao
included. Examples are an aircraft fuel tank, a duplicating machine,
and a band szaw.

This seems to indicate that very few items are impacted by dual

gourcing. Thig may be true. However, there may be many items which are
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nevertheless impacted. Any part which is part of a dual-sourced
subaggembly may be affected. Thiz was not purgued becauge the cost data
wag not available through VAMOSC as shown below.

Coat Data. Once appropriate items were identified, management of
the Vigibility and Management of Operating and Support Cost (VAMOSC)
system was requested to supply the required data on those items.
However, thia proved imposzaible. One reagon is the newness of the
system. The VAMOSC system i3 currently gtill in development. In the
past, data was not congistently collected and validated. Paat data is
therefore incomplete and unreliable. Only 1987 tor CSCS data has been
validated. No data for 1988 has yet been entered and validated. Thiz
leaves only one year’'s worth of useable data (Hunt, 1988).
Unfortunately, the only way an empirical comparizon of 2ole sourcing to
dual sourcing can be made is by comparing sole-sourced and dual-sourced
portions of the life of an item which has had both types of procurement
in ita history. Beltramo (1986) uaed thia method to evaluate
acquigition costa. VAMOSC may be a valuable source in the future, but
this atudy was attempted too early in its life.

Another caution iz in order.

...8ome costs cannot be directly identified to a syatem or

component, necesaitating the use of factors or algorithme to

allocate these costs (Department of the Air Force, 1085:4).
Allocation techniques may--or may not--be correct for dual sourcing
studies. If they are not correct for dual sourcing, aignitficant effort
may be neceszsary to correct them.

Besides currently missing or unvalidated data and suapect

allocation techniques, another problem was identified. VAMOSC does not
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track several of the needed cost categories, or cost elements. Since
VAMOSC is theoretically storing all relevant and available 0 & § cost
data, the missing data may not even be available anywhere in the Air
Force. The necessary cost elements which were identified as migsing are
liated in Table VI. This was determined by comparing the list of cosat
elements in the model with those reported to be available (Department of
the Air Force, 1988:7,8;Hunt, 1988). The cost elements are numbered as

they appear in all previous tables.

TABLE VI
Neceasary Coat Elements Not Captured by VAMOSC

Support equipment maintenance.
Recurring training.

Technical data reviziona.
Recurring facilities.
Contractor gervices.
Engineering changes.

O O > W

B e o
o

It ig important to point out that the VAMOSC office ig not
respongible for unreported cost elementaz. They are only authorized to
function ag a coat library.

The VAMOSC syatem operateg under a congtraint that no new data

aystems be developed. All data sources must be existing DOD data

gources. ..

VAMOSC ia not a cost accounting syatem, cost estimating szyatem, or

budget syatem. It is a cost collecting syatem (Department of the

Air Force, 1085:4).

Conclusion of the Data Search. The search for dual-zourced
subsyatemz waz gucceasful, and an appropriate model was developed. But
the impact of dual-zsourcing on the items could not be evaluated without

the cost data from VAMOSC. In other worda, the coat model could not be

exerciged.
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Cage Studies and Expert Opinion

Since the empirical data necessary to exercise the model are not
yet available, and since they could not be estimated with confidence,
casze studies and expert opinion remain the only way to evaluate the
operation and support impactas of dual sourcing. Sufficient time was not
available to track down the program managers, item managers, and
engineers who deal with the items identified by the D043 gearch.

Cagse Studieg. These case were found while interviewing program

managera at Headquarters, Air Force Logistics Center, and analysta at
the Air Force Acquisition Logistica Center at Wright-Pattergon AFB.
They concern form, fit, and function dual aourcing.

The Great Engine War--the Poat War Story. In 1083 the Air
Force released a requeat for proposal for an estimated 2,000 engines for
the F-182 and F-162 apanning fiacal years 1985-1990. On 3 February
1984, a zplit award was announced. General Electric wasz awarded 75% of
the 1988 requirement. Pratt and Whitney received the remainder. This
dual sourcing competition ia atill continuing.

An interview with Major Hicks (1988) at Headquarters Air Force
Logiatica Center (HQ AFLC) revealed some interesting logistical impacts
from thia dual gourcing decision. The F-16 airframe usesz both typea of
engines. Since the engines have different proportiona, the airframe
manufacturer produces the F-16 with two types of engine bays. In other
words, not only are the engines diasimilar internally, they are not
interchangable (no fit!) between the two aircraft configurationz. To
avoid additional logistics costs, such as duplicate apecial tooling

throughout the world, the Air Force stations the F-16a with one kind of
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engine in the Pacific (General Electric) and the other in Europe (Pratt
and Whitney). This reduces supportability. For example, if a Pacific-
bagsed F-16 aquadron were to deploy to Europe, it could not land at a
European F-16 base and expect complete engine gervice. Repair
capability would be limited unlesg a "Pacific’ machine ghop were sent
with it.

The alternative would be duplicate tooling, spares inventory,
training, and faciities throughout the world. Apparently, the Air Force
has decided that reduced supportability 1s more palatable than increasged

cost.

The A-10 and Standardization. Since F3 dual-sourcing
destandardizes (as compared to other dual aourcing approaches),
standardization studies are relevant to thig thesig. In other words,
what standardization does, F3 dual sourcing is likely to undo.
According to Ernest Curry, life-cycle cost analyst,
The A-10 aircratt, used as the baseline, showed about a four fold
increagse in readineas when additional aircraft (i.e., F-18, F-16)
use the same mizasion critical avionics. This increased readiness
regsulted from the larger combined pool ot depot spares for each
aircraft to draw on. The atudy also showed a cost savinga for the
A-10 when other aircraft shared in the cost of depot spares
(Curry, undateda:2).

Thig suggests that supportability may be decreased by form, fit, and

function dual sourcing, and that readinesa may be decreased as well.
Expertz. Since there were no dual-sourcing operation and support

experts available, thig theasies relied on expertz in the area of

standardization. The experta in atandardization also, like the casmes

previously mentioned, aid in the understanding of F3 dual sourcing.

31




2iece 2art Standardization. Milligan and Tonar c¢f the Defensge

Electronic Supply Center (1988) believe that 60% w0 80% of all parts in
avionics are standard piece parts. Thus, the addition of another
disimilar piece of avionics equipment in the inventory does not require
the stocking of a totaliy new set of parts for repair. It ig probable
that form, fit, and function dual-sourced subsystems would have a large
percentage ol common piece partis because they perform similar functions.
Therefore, despite having different internal configurations, two F3
systems would not introduce double the number of spare parts that one
sole-source system wou.d iikely introduce.

Still, additional parts would be introduced. The Directorate of
Engineering Standardizavion at the Defense Elecironics Supply Center
{1988:C-2 to C-5) has estimates of the yearly recurring cost of each
add:tional piece part entered into inventory. Estimates range from

£225 per year tc about $420 per year. The Directorate believes that

each additional piece part cosis the Government a: .east £2,637 over its
average 10 year ilife. In shor:, while the additional coszt of zpare
parts for FI subsystems may not be as dramatic as it would seem at first

giance, the cosis may be significans.

Avionicz Standardication (ASD). Perhaps more interesting are

the standardization studies done on gsubsystems. Curry cites a Logistics
Management Institubte study which claims that the "minimum savings

oczuring from standardization are on the order of 13% 4o 25% However,
ke zays that, "Most of the savings are in one time costs which can be

avoided each time a standard i%tem i3 used in lieu of a unique

development” {(Currv. undateda:2). Since most of the savings are in one




time costs, it follows that no more than 6.5% to 12.5% can come from
operationg and support. Assuming that F3 dual sourcing 18 a close
reciprocal of standardization, the extra 0 & S costa azsociated with F3
dual sourcing can be no more than 6.8% to 12.5% of the szsole-gource
costse.

Curry says that atandardization has the following things related to

0 & S to recommend it.

TABLE VII
Attributes of Standardization

Reliability improvement
Skills availability
Improved logistics support
Technology tranzparency
Interoperability/Interchangability
Increased availability
(Curry, 1988)

Support and Test Equipment with F3 items. Edward Curry mentioned

that the cost of special support and test equipment is higher with FJ3
items than identical itema. He said that even though internal
configurations differ, that teat equipment can aometimea be bought which
can handle all the configurations. It will probably be more expensive
than a piece of equipment handling only one contiguration, but the cost
will not be twice that of one configuration (Curry,1988).

With the cloase correlation between the list of cost elements
impacted by F3 dual sourcing and the liat in Table VII, the assumption
that the impact of standardization on operation and support ig often the
opposite of that of F3 ig probably a good one. In other worda, the
things that make standardization worth pursuing also make F3 dual

gourcing lesg attractive. This 18 because F3 dual asourcing
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destandardizea. Instead of one item pertforming a function, the Air

Force muat manage two or more which differ intermnally.

Summary

An examination of the impact of dual sourcing on operation and
support was attempted using a coat model, cagse gtudies, and experts.

A derivitative of the CASA model wag developed for use with items
identified by the D043 inventory databasze. However, the CSCS aysztem of
VAMOSC was unable to provide coast data for those itemsz. Operational
experience with the dual-sourced fighter engines showed that the
operation costz of F3 itema can lead to a choice of either high cost or
reduced supportability. Standardization studies with the A-10 auggesat
that readiness may algso be reduced with F3 when compared to sole-sgourced
buys of identical items. Finally, experts in standardization feel that
in some wayg the impact of F3 may not be aa dramatic as it would at

firat appear.
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V. Summary, Conclusions, and Recommendations

Summary and Conclusions

The literature and original research done for this thesig reveal
that impact of dual sourcing on operation and gupport depeada primarily
upon the degree to which the regulting iteme from the various
manufacturers are digsimilap. This 18 determined by the method used to
create additional sources. Four of the methods that create additional
production sources result in theoretically identical items. One (form,
fit, and function) results in items which are similar externally, but
which differ internally.

Identical Itema. Identical items reault from four of the methods
uged to create or maintain other aources: technical data package,
directed licenzing, leader-follower, and contractor teaming. The
literature review revealed that during the operation and support phase
of the life cycle, the benefit comez from the ability to competitively
acquire azpare parts, replacement gpareg, and maintenance. Studies ghow
that significant gavinga can reault for amall contractz when competition
ig introduced. This suggeats that the competition for zparee,
replacement parts, and maintenance will probably be beneficial to the
@Government. Thig may come at the coat of extra configuration control
efforts--and perhaps the minor configuration differences which result
despite everyone’as best efforts. Data to teat the literature concerning
identically configured dual-sourced items were not available during this
thesis. However, the literature reported actual dual sourcing cages in
the Navy. Thua, many of the conclusions from the literature have an

empirical basis. -,
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Form, Fit, and Function Items. Those :i1tems wh:ich are gecond

sourced using form, fit, and functicn specifications present a
considerably different case. Of course, replacement spares can be

bought competitively, but spare parts, maintenance. spec:al
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support equipment, training, and facilities ccstis may be advers.v
impacted.

Afa = " : - . P
Ni-h internal conf:igduracions which 2@

Ve

fer from manufacturer %o
manufacturer, the Air Force must decide whether or not tc revair ivems
1tself. It it does. the spare parts inventory. maintenance 9I spec:.a.
tooling and suppert equipment required for each configuravion. trainintg
tor each configuration, and facilities to ztore the extra eguipment mav
be higher. This can be s:gnificant. Becauge of these concernz, the A:r
Force stationed form, fit, and function F-163 on different sides of{ the
world. As a result, supportability has suffered. On the other hand.
standard:zation efforts on piece parts may considerably reduce the
otherwise heavy burden that would be expected from stocking spare parts
for interally different items. Research suggests that piece part
standardization yields subsystems with from 60% to 80% standard piece
parts. Still, entry of two F3 items may cause an increase in piece part
inventory which ig from 20% to 40% higher than that caused by the entry
into the inventory of one new system or subsystem.

With planning, the Air Force has been able to avoid another cost
suggested by the literature. The literature suggests that spare part
costs will be higher with F3 because they must be bought from the

original manufacturer of each configuratrion. The dual sourcing of

fighter engines shows that this can be avoided if the Air Force
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specifies in the contract that addition sources for aspare parts must be
developed. Also, with care, support and teat equipment can be bought
that--although more expensive than otherwige--are less expensive than
unique sets of equipment for each configuration. This would, in turn,
probably reduce the facilities required to store this equipment--and the
cost of maintaining it when compared to multiple setg. Thus, although
the cost associated with many coat elementa may be higher than with
identical configurationa, this higher coast may be avoided with planning

or may not be large ag one might otherwise think.

Concluzion

As an exploratory study, this research haz fulfilled its purpose of
attempting "to define the problem more specifically” (Emory, 16085:858).
It has defined which elementa are impacted by dual sourcing. It has
also suggeated which ones may be more--or--leas significant. Finally,
it has revealed that dual sourcing can be managed to improve its benefit
to the Air Force. Finally, a cost model has been suggested with which
the cost effect might be measured. However, with the problem mapped
out, much still remains to be done. Many of the cost elementa lack any

empirical basis upon which to test the effects of dual sourcing.

Recommendations

Acquigzition price gavings on dual-gourced programe range from as
high ag 28X to as low as a negative 36% (Beltramo, 1086:5). With the
benefits of dual sourcing as unpredictable during acquisition as history
hag shown them to be, the Government must remember that operation not

only ig the only useful portion of the ayztem’s life cycle, it ia also
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typically the most expensive. Dual sourcing without knowing the impact
on the largest portion of coats and the impact on supportability and
readinegs may reveal dual sgourcing to be more risky than it 18 even now
known to be. On the other hand, with proper management and awareness of
the optiona, these risks can be reduced or eliminated--as has already
been done with apare parta procurement.

In view of the above, the Air Force should attempt to quantify the
cost eftect of dual sourcing when the VAMOSC aystem has sufficiently
matured. It may be worthwhile to conaider allowing VAMOSC to collect
the cost elements currently lacking which would enable an empirical
gstudy over a broad range of programse. Otherwise, a program by program

study may have to be done with a large coat in time and effort.
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Appendix A: Definitions

Appendix Overview

This appendix contains the specialized termg used in the thesis.

Avionics equipment. “All the electronic and electromechanical
gsystems and subsyatems (hardware and software) installed in aircraft or
attached to it ° (Department of the Air Force, 1978:1-1). For example,
avionics are found in thegse functional areas:

communications, navigation, weapons delivery, identification,

ingtrumentation, electronic warfare, reconnaissance, flight

controla, engine controls, power distribution, and support

equipment (Ackerson, 1880:1-1).

Contractor Teaming. A method of creating another source tfor

competition. During contractor teaming, contractors jointly develop the
product or gystem. Before production beging, the team dissolves. Then
the former team members compete againat each other for the right to
produce the item.

Design to Cost (DTC). Deasign to cost establishez cost az a design

goal.

‘Degign-to-coat’ is a concept that eatablishesz cost elements as
management goala to achieve the beat balance between life-aycle
coat, acceptable performance, and schedule. Under thisz concept,
coat is a design constraint during the design and development
phages and a management discipline throughout the acquigition and
operation of the aystem or equipment (Department of Defensze,
General Services Adminiatration, and National Aeronautical and
Space Adminigtration, 1084:7.101).

In other wordas, cost is equally as important as other goals like
technical performance and aschedule.

Directed Licensing. A method of producing other sources for

competition. Under directed licenging, the original source provides
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other sources with data and agssjistance g0 that they can produce the item
as well. This service is provided in exchange for a royalty fee.
Dual Sourcing. This atudy uses the General Accounting office (GAO)
(1984:1) detinition of dual sourcing:
...a competitive technique wherein each of two or more sources
concurrently produces the same product for the zame buying office,
with award of the larger share of quantitiea usually going to the

lowest price source.

Form, Fit, and Function (FFF or FS).' A method used to allow more

than one contractor to produce an item. With this method, the contractor
provides an item which performs just like that of the original source.
Usually it must be able to fit in the asame location and weigh the zame

ag the original. However, the specifica of the internal configuration J
are left up to the contractor.

Leader-Follower. A method of developing other sources for
competition. Leader-follower is zimilar to directed licensing, but
there i8 no royalty fee.

Lite-cycle Cost (LCC). The Federal Acquiszition Regulation (FAR)
defines LCC like other Government regulations:

"Life-cycle-coat® meana the total cost to the Government of

acquiring, operating, supporting, and (if applicable) disposing of

the items being acquired (Department of Defensze, General Services

Adminigstration, and National Aeronautical and Space Administration,

1984:7.101).

In short, life-cycle cost 13 the "total cost to the Government for a
system over its full life" (Department of the Air Force, 1986:11).
Life-cycle Costing. Seldon’s definition of life-cycle costing is

"The congideration of life cycle coat in choices or deciaiona among

different courseg of action’ (Seldon, 1979:269).
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The objective of life cycle cogting is to lower a system’s life
cycle cost by striking a balance between acquisition and 0 & §
costa” (Sims, 1978:12).

Modular Standardization. See gtandardization. This is

standardization at the circuit card level. The circuit cards, or
modulez2, need not be identical; F3 is also conaidered atandardization.

Piece Part Standardization. See standardization. For electronic

components, the Directorate of Engineering Standardization, Parts
Control Division at the Defense Electronics Supply Center, DESC-EP,
approves electronic components for use on avionicg. If a contractor
wants to use a part not on the approved list, approval must be obtained
from this office.

Standardization.

(The adoption] on the broadest possible bagiz ... of common,

compatible, or interchangeable suppliea, components, weapons, or

equipment (Ackerzon and Baum, 1980:1-8).

Standard Avionicg. ‘Those pieces of common avionics equipment that
perform a particular function for more than one system” (Department of

the Air Force, 1978, 1878:1-1).

Subsystem Standardization. See standardization. Thig includesz

interchangeable radios, navigation ayatems, etc. The aubayatems need
not be identical; F3 iz alsgo used.

Technical Data Package. A method of creating other aources for

competition. In contrast to the form, fit, and function method, the
technical data package method requires sources to produce an item
identical to that of the original source--internally as well as
externally. For this purpose the Government provides contractors with a

data package completely describing the item.
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Winner-take-all. The QA0 defines dual sourcing as usually meaning

splitting an awarded quantity among the bidding contractors. In
contrast, the more traditional method is to award the total quantity to
the bidder with the best offer. Thig iz called the ‘winner-take-all’
method. Beltramo points out that not splitting the award does not
necesgarily rule out dual sourcing. In fact, he recommendsz annual
winner-take-all awards if posaible (Beltramo, 1986:2). Thig method
could technically tit the GAO definition. If production lasted longer
than a year, each source would be concurrently producing--a requirement

ot the GAO detinition.
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Appendix B: Codesz Used to Select Items from the D043 Databasge

HQ-AFLC/MML suggested the following codes be used to find items 1in
inventory which have been produced by more than one manufacturer and

which are either identical from each manufacturer or form, tit, and

function.
Category Code lUsed Significance
LOA 22 Repairable item
sS0s FLZ Managed by Warner Robins
AFB
AMC 2o0r3 Competitive Purchase
PHR E, F, G, Interchangable or
H, 7 Substitutable Itema. Linksa

those items which are F3.
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Appendix C: Proposed Model

(=R ]

This appendix presents the sugdested model. t contains those 2o

tn

elements which are expected to be influenced by dual sourcing. The cos:

elements are:

Support equipment maintenance.
Recurring train:ing.

Repair parts and materials.
Condemnation spareg replenizhment.
Technical data revisions.
Recurring faciiities.

Contracter gervices.

Total operation and support cost is the sum of the costs contained
in the individual cost elements l:sted above. These cost elements are

defined as they are in the CASA manual (Department of Defense, .985a:3-

30 to 3-38).
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