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The Navy is planning and exploring a Vertical Sbrrt
Takeoff and Landing (SoL) aircraft program ehicL couid change
its approach to proFvding and using sea-ansed aircraft in power
projection and sea co&trol functios. traitiou to em all
VSTOL sea-based air fleet is expect.d from 1991-2000. his could
result in sualler deck aircraft carriers and the dispersal of
manned tactical aircraft. tndings/ConclasilSt I tbe crait
proIran, the Navy i studying operatiAoni concepts to
demonstrate the capabilities of current and future ship and
aircraft combinations. Several considerations could limit
program development. If VSTOL aircraft are not availablse 4duig
the transition period, in which both VSTOL and conventional
aircraft would be operating off large deck carriers, there would
be pressures to retain conventional aircraft. There are
questions of whether the costs for development of VSTOL can be
net while meetinq current sea-based air fleet needs. The degree
of VSTOL implementation will be determined by the effectiveness
of dispersion of aircraft on a larger number of ship platforms.
Assessments are being made of the degree of reliability,
maintainability, and availability which can be achieved by
ISTOL. Development depends on technological advancement sbich is
being assessed for risk, needs, and status. There is a question
of whether the acquisition stra egy planned for the program
complies with Office of anageamnt and Budget (CaS) policies.
Recommendations: During future appropriation hearings on Navy
tactical aircraft programs, the Congress should fully consider
matters relating to reliability, maitainabilitt, availability,
effectiveness of dispersioa, the state of tech.ologl, and
acquisition strategy. The Secretary of oefenai ,iould: give
priority attention to whetar the operational ca cepts being
proposed for ISTOL are realistic and coast eftective, determine
whether th advances in techsologr necessary to develop WSIOL
are reasonable and can be achieved before the sch'4duled
full-scale development decision, and resolve the question of



compliace u ith regard to O CircuLar -109 early in the STOL
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REPORT TO THE CONGRESS

BY THE COMPTROLLER GENERAL
OF THE UNITED STATES

Status Of The Navy's Vertical
Short Takeoff
and Landing Aircraft
The Navy is planning and1 ,xp!oring a Vertical
Short Takeoff and Landing (VSTOL) aircraft
program that could change the complexion of
Naval aviation at sea. The program, as envi-
sioned, will begin replacing conventional take-
off and landing aircraft with VSTOL aircraft
during the 1991 to 2000 time frame.

VSTOL decisions will affect the Navy's entire
sea-based aircraft program. New operational
concepts are being explored and technology
needs are being assessed for VSTOL. Develop-
ment costs alone are estimated in the billions.
Nonetheless, tile Navy's acquisition strategy
does not appear to comply fully with Office
,of Management and Budget policies for buy-
ing major systems.
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OMPTrrROLLR GENRAL () THE UNITED rTAI
WAHMINTON, D.C. IUg

B-163058

To the President of the Senate and the
Speaker o the House of Representatives

This report presents our views on the major issues
of Navy's Vertical Short Take-off and Landing Aircraft. A
draft of this report was reviewed by agency officials as-
sociated with the program and their comments are incorporated
as appropriate.

For the past several years we have annually reported
to the Congress on the status of selected major weapons
systems. This report is one of a series of reports that
we are furnishing this year to the Congress for its use in
reviewing fiscal year 1979 requests for funds.

We made our review pursuant to the Budget and Account-
ing Act, 1921 (31 U.S.C. 53), and the Accounting and Audit-
ing Act of 1950 (31 U.S.C. 67).

We are sending copies of this report to the Acting
Director, Office of Management and Budget, and the Secretary
of Defense.

omptroller General
of the United States



COMPTROLLER GENERAL'S STATUS OF THE NAVY'S
REPORT TO THE CONGRESS VERTICAL SHORT TAKEOFF

AND LANDING AIRCRAFT

DIGEST

The Navy is embarking on a VSTOL aircraft
program which could change its approach to
providing and using sea-based aircraft in
power projection and sea control functions.
The Navy's plan to transition to an all
VSTOL sea-based air fleet will afford maxi-
mum flexibility in aircraft carrier design
that could result in smaller deck aircraft
carriers and disperse manned tactical air-
craft throughout the broad spectrum of
fleet surface combatants.

In the current VSTOL program, the Navy is
studying operational concepts to demon-
strate the capabilities of current and
future ship and aircraft combinations.
The program is in concept formulation and
has been influenced by such subjects as
force composition; dispersion; reliability,
maintainability, and availability; tech-
nology; and funding. Limitations in any
one of these subjects could lead to the
demise of the program. Specifically:

-- During the transition to VSTOL, both
VSTOL and conventional aircraft can be
expected to be operating off large
deck carriers. The temptation to pro-
pagate that configuration would be
great. In contrast, there could be a
strong case to retain conventional air-
craft with their capabilities, if VSTOL
is not available as planned. (See ch. 2.)

--The total estimated cost for VSTOL is
not yet fully known, but development
will cost billions. The issue could
be whether Defense can afford the VSTOL
program and continue to provide for the
Navy's current sea-based air fleet needs.
(See ch. 2.)

i . Upon mvn I tXiv. ow i PSAD-78-61



-- Dispersion of aircraft on a larger number
of surface ship platfornis, the Navy claims,
enhances flexibility and reduces force
vulnerability. Dispersion is of prime
importance to the VSTOJ. program. How ef-
fectively it can be achieved may determine
the degree to which VSTOL is ultimately
implemented. (See ch. 3.)

-- Reliability, maintainability, and avail-
ability needs for VSTOL are critical to
its usefulness. The potential for achiev-
ing increases is being assessed by the
Navy, and large increases over the cur-
rent experience for sea-based aircraft
must be achieved. Reliability and main-
tainability must be high because aircraft
will be dispersed on platforms having
limited logistic support. (See ch. 4.)

--Technology needs are considerable and the
risk is high because advances must be
made in the state of the art for primary
aircraft systems and for mission specific
equipment. Design of a new aircraft con-
cept, as could be expected at this state
of development, has many technological
unknowns. The Navy is building on its on-
going technology efforts and current and
prior industry efforts in assessing tech-
nology risk, needs, and status. (See
ch. 4.)

--Defense is committed to complying with
Office of Maragement and Budget Circular
A-109 for the VSTOL program, which estab-
lishes the policies to be followed by
executive branch agencies in the acquisi-
tion of major systems. (See app. III.)
There is a question, however, of whether
the acquisition strategy planned for the
program complies with the new policies.
Defense has stated that its current
strategy is preliminary and oes not re-
flect the final position. (See ch. 5.)

CONCLUSIONS AND RECOMMENDATIONS

The matters addressed above will affect the
effective and timely progression of the VSTOL
program.
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GAO telieves that because VSTOL is such a
substantial departure from the Navy's cur-
rent operational philosophy, it is going to
require new operational concepts that will
put a greater premium on reliability, main-
tainability, and availability. Operational
concepts, e.g., how effectively can disper-
sion be achieved?, need to be developed
and evaluated. At the same time, signifi-
cant advances in technology are needed to
reduce the high risk to low risk by the
time the full-scale development decision
is made in 1985. In addition, aspects
of the VSTOL program acquisition strategy
may not be in compliance with OMB Cir-
cular A-lq9.

GAO recommends that the Congress fully con-
sider these matters during future appropria-
tion hearings on Navy tactical aircraft
programs. Further, GAO recommends that the
Secretary of Defense

-- give priority attention to whether the
operational concepts being proposed for
VSTOL are realistic and cost effective.
Of particular importance is whether
VSTOL can be effectively dispersed,

-- determine whether the advances in tech-
nology necessary to develop VSTOL are
reasonable and can be achieved prior to
the scheduled full-scale development
decision, and

-- resolve the question of compliance with
regard to OMB Circular A-109 early in the
VSTOL program.

AGENCY COMMENTS

A draft of the report was reviewed by
agency officials associated with the man-
agement of the program and their comments
have been incorporated as appropriate.
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CHAPTER 1

INTRODUCTION

The Navy's missio., is to conduct prompt and sustained
combat operations at sea supporting U.S. national interests.
To fulfill its mission, Navy has two basic functions--sea
control and power projection--which are closely iterre-
lated and involve the use of aircraft, surface ships, and
submarines and cheir weapons. To carry cut its functions
and fulfill its mission in the face of expanded multi-
dimensional threats, Navy's for.e structure considers a
war-fighting balance to cope with coordinated air, sur-
face, and submarine threats in any theater. Sea-based,
manned aircraft represent an element f Navy's capabili-
ties to counter z>ltidimensional threats and to carry ouL
other required w fare tasks.

Sea-based aircraft have allowed naval force tactical
commanders to expand their surveillance of sea and air-
space to rnges beyond the limitations of ship-based sen-
sors. Aircraft have allowed the engagement of enemy naval
forces at sea and targets ashore beyond the range of di-
rect threats to friendly force ships. Sea-based aircraft
have allowed fast reaction and massing of force agairst
rapidly developing enemy threats. They have produced
significant enlargement of the naval forces' sea-control
area of influence.

VSTOL AIRCRAFT

Recognizing the advantages and use of sea-based, manned,
tactical aircraft over the recent years, the Navy has main-
tained a continual effort to develop high performance
military aircraft that operate from platforms other than
aircraft carrier in order to apply the advantages of sea-
based air fleet across a broader spectrum of Navy ships.
Also, aircraft operating from different types of surface
combatants enhauce the individual mission effectiveness
of those types of ships.

Following explorations into the technical feasibility
and operational use of VSTOL aircraft, the Navy decided
to change its sea-based air fleet to VSTOL aircraft beginning
in 1990 to 20C0 provided that the feasibility of the VSTOL
concept is validated. Navy preliminary planning identified
two basic types of VSTOL aircraft to fulfill many future
Navy/Marine Corps requirements--the subsonic multimission
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aircraft designated Type A and a supersolic high perfor-mance aircraft designated Type B. This eport addresses
the advanced VSTOL Type A program. The AV-8 (Harrier) andthe ongoing helicopter programs are not considered.

PROGRAM STATUS AND PLANS

The VSTOL programgs acquisition cycle has four phases--concept formulation, validation, full-scale development,
and production. Concept formulation began early in 19'77after initial approval of the Type A VTOL mission need state-ment. After the Navy issued a request for information, indus-try participation in developing the Type A VSTOL programbegan. Te Navy is assessing many ideas from the responsesto the information request. It will use this assessment,together with the work being done in-house and the concept
analysis work being done to prepare a request for designstudy proposals, to be issued in spring 1978. After eval-uating the responses, Navy plans to aard design studycontracts 1/ that are anticipated for completion by 1979.The Navy plans to conclude the concept formulation staqeby awarding competitive contracts to develop prototypemodels.

The prototype development begins the validation phase,which would result in the prototype systems' flyoff tests
early in >1:i to validate performance and define what willbe included in the contract for the next stage. The Navy' splan is to conclude the flyoff tests and contract defini-
tion phase, thus making 1986 the technology cutoff forengineering development and the beginning of full-scaledevelopment. An initial operational capability date in the
early 1990s'depends on timely completion of development
and initial production efforts.

SCOPE OF REVIEW

We interviewed officials regarding technology develop-ment matters in the Office of the Secretary of Defense andthe Department of the Navy and reviewed records pertinentto planning and implementing the VSTOL concept.

We conducted interviews with DOD and Office of FederalProcurement Policy officials regarding Federal procurementpolicy as applied to the VSTOL development program.

I/Additional discussion is included in ch. 5.
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We made the review at the:

Office of the Secretary of Defense:

Deputy Under Secretary of Defense for Research and
Engineering, Washington, D.C.

Department of the Navy:

Office of the Chief of Naval Operations, Washington,
D.C.

Naval Air Systems Command, Washington, D.C.

Naval Air Development Center, Warminster, Pennsyl-
vania

Office of anagement and Budget:

Office of Federal Procurement Policy, Washington,
D.C.
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CHAPTER 2

EVOLUTION OF VSTOL AND SEA-BASED

AIRCRAFT FORCE COMPOSITIOWN IMPLICATIONS

Because of limited deck space on surface combatants
other than aircraft carriers, VSTOL aircraft have always
been attractive to the Navy. Efforts to foster VSTOL de-velopment met with inconclusive results until 1976 when
technological developments indicated that the VSTOL conceptappeared feasible and that a concerted development effortcould be undertaken. A transition plan was established
for phasing in VSTOL, as each current type of sea-based
conventional aircraft reached the end of its service life.

The transition to VSTOL has force-composition impli-cations that could be advantageous or detrimental to the
sea-based aircraft program. Specifically, both VSTOL andconventional aircraft could be found in the Navy's sea-
based air fleet at the same time resulting in a sea-based
air and ship fleet much larqer than the present one. The
temptation to propagate that configuration would be great.In contrast, if VSTOL is not available as scheduled, ad-
vanced conventional aircraft could easily become the sea-
based aircraft program.

The VSTOL program is experiencing delays during its
first year, and funding constraints affect not only VSTOL
but all sea-based aircraft programs. The VSTOL programis expected to cost billions of dollars. In view of the
overall sea-based aircraft force level needs, the ques-
tion of the affordability of VSTOL is raised.

EVOLUTION OF VSTOL

Exploration of the development of fixed-wing VSTOL air-craft has been a part of Navy's sea-based air efforts forabout 25 years. According to the Navy, VSTOL's lack of
success in its early attempts stems from the limited per-formance of VSTOL aircraft in comparison with their con-ventional takeoff and landing (CTOL) counterparts.

In an effort to force the design of higher performance
VSTOL aircraft, the Navy, early in the 1970s, specified the
need for a VSTOL version of a combination fighter/attack
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aircraft. Several studies extending through 1974 explored
different types of VSTOL aircraft.

In the spring of 1975, the Chief of Naval Operations
(CNO) reviewed the status of VSTOL and its platform pro-
grams and concluded that the failure of VSTOL development
was due primarily to the fact that it was competing for
aviation program funds with land-based patrol and carrier
aircraft. Further, the types of VSTOL aircraft, which
technology could provide in the near term, were substan-
tially less capable in performance than their CTOL counter-
parts. In the CNO's vew, if VSTOL aircraft were to be
introduced in any significant Navy role, it was clear that
a new treproach must be taken.

The CNO decided that the approach would be developing
VSTOL aircraft to operate from all sea-based platforms,
carriers (defined as ships which operate aircraft as a
primary mission), or air-capable ships (defined as surface
combatants which use aircraft to enhance their basic mission).
Two primary advantages of this approach were identified:

Dispersion--Manned tactical aircraft could be expanded
throughout the fleet enabling surface com-
batants to attain new self-contained capa-
bilities in independent operations.

Flexibility--The design of future carriers could be-
come more flexibile without the need
for angled decks, catapults, and ar-
resting gear. Further, carriers could
be large or small and either nuclear
or conventional.

In formulating the VSTOL concept, the Navy decided to
achieve one of its long-term objectives, i.e., to reduce
the different types of aircraft in the Navy and Marine
Corps inventory. The benefits of such an achievement are
self-evident.

The Navy has identified a full range of VSTOL aircraft
types. The relationship of the two VSTOL types to the
Navy's air warfare tasks is shown in appendix II.

In the spring of 1976, the VSTOL concept was proposed
to the Secretary of Defense and the National Security Coun-
cil; approval was given to proceed. The Navy had identi-
fied its most urgent shortfall in aircraft as (1) airborne
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early warning, (2) antisubmarine warfare, (3) carrier on-
board delivery, and (4) marine assault support. These
needs fall into the Type A VSTOL category of missions, and
current VSTOL development efforts are aimed at these needs.
The fiscal year 1978 5-year development program shows re-
search and development costs for that period of about $0.8
billion for the Type A development program and about $0.2
billion for related VSTUL technology support programs.

VSTOL TRANSITION PLAN

The CNO developed a plan to change the Navy's sea-
based air fleet to a VSTOL force. The expected transition
period is from 1991 to 2000.

Part of the approach to VSTOL's transition is to plan
replacement of each current sea-based conventional aircraft
at the end of its service life with a VSTOL aircraft. The
replacement schedule for the current basic carrier aircraft
is shown in table 1.

The CTOL aircraft fall into two basic categoriesl
i.e., the subsonic, load-carrying, long-range aircraft and
the high performance, supersonic aircraft for fighter attack
and reconnaissance missions. The helicopter is another
basic aircraft category. VSTOL aircraft would replace
these three basic types.

On the ship side, one concept was that small VSTOL
carriers only be phased in toward the end of the 1980 decade
as special-purpose carriers of limited capability and mis-
sions. These carriers would supplement the large multi-
purpose carriers represented by today's large deck carriers
(designated as CVs) and their future replacements.

These transition plans and the VSTOL development program
have the following objectives:

--Provide alternative courses of action that would allow
time to establish plans for follow-on CTOL aircraft
early in the 1990s to reduce the overall risks of
the transition.

-- Transit to pure VSTOL carriers when the VSTOL
capability has been achieved,
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-- Direct aircraft research and development efforts
primarily to VSTOL during the transition phase.

--Replace current CTOL models, at the end of their
normal service life, with VSTOL.

--Transit from CTOL carrier aircraft to VSTnt car-
rier aircraft for all sea-based, manned, tactical
air missions in the U.S. Navy.

--Maintain the capability of the carrier/naval avia-
tion force at a level not below its current status.

VSTOL AND FORCE COMPOSITION

The phasing in of VSTOL aircraft into the Navy inven-
tory envisions replacing each current sea-based conventional
aircraft at the end of its service life. Both VSTO. andCTOL aircraft can be expected to be operating off largedeck carriers during the transition period and beyond. It
is probable that pure VSTOL ships will be operating at thesame time or shortly thereafter. The combined air and shipinventory may result in a sea-based aircraft Navy much
larger than the present one. The temptation to propagate
that configuration would be great. The large deck carrier
advocates could present a strong case for retaining CTOL
aircraft.

In contrast, a critical point could be reached wherebyVSTOL is not ready and CTOL decisions are needed. Thus,
a slip in the VSTOL program, past that point will mean
that an advanced CTOL could easily be required to becomethe sea-based aircraft program.

FUNDING AND PROGRAM DELAYS

As Navy's estimates show, the VSTOL program will be
expensive. Cost estimates available now, covering the first5 years of the 14-year VSTOL program of development, show
a $1 billion figure. Shipbuilding and modification program
cost estimates ad not been completed at the time of the
report.

Thus far congressional action indicates less than fullsupport for VSTOL due partly to congressional needs for
better and more complete information about Navy's plans.
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Congressional funding action cut Navy's fiscal year 1978
budget request for VSTOL in half.

In August 1977, the Secretary of Defense made a tenta-
tive cut in the fiscal year 1979 and 1980 VTOL budget. Ac-
cording to Navy officials, this action would have delayed
the prototype development and the projected operational
date for the aircraft by about 2 years. We were advised
that Navy's position is that funding cuts during this con-
cept formulation period would not allow it the opportunity
to decide whether technology will be able to support VSTOL
development. The Navy stated that, according to DOD acquisi-
tion policies, a decision of this type is more appropriately
made when a program reaches a major decision point. 1/ The
next major decision for VSTOL is currently scheduled-for
late 1980. We were told that the Secretary agreed with
Navy's reasoning and the funding was restored. However,
large funding cuts have been made in Navy's fiscal year
1981, 1982, and 1983 development estimates. These cuts
will affect the planned prototype development phase for
VSTOL.

The broader issue is the current state of financial
affairs for naval aircraft programs. The Navy has been
saying for some time that its problem is insufficient funds
being made available to procure sufficient numbers of air-
craft for the fleet. In addition, too many types of air-
craft are being operated with low-production runs and resultant
high unit cost. With current and projected fiscal constraints,
it could be difficult for Navy to fund the VSTOL program and
continue to procure enough new fighter and attack aircraft to
maintain force levels.

A Navy fallback position, in the event VSTOL tchno-
logy does not mature, is the potential for applying VSTOL
technology to improve the state of the art for CTOL air-
craft. Having a credible fallback plan is to the Navy's
credit. However, consideration should be given to how
much th, expenditure for VSTOL will be until the concept
arrives at the total commitment point.

I/A review at the Secretary of Defense level for major
system acquisitions.
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CHAPTER 3

VSTOL OPERATIONAL CONCEPT IMPLICATIONS

The Navy has studied, and is continuing to study, howVSTOL aircraft will be used in its operational concept forsea-based aircraft missions. Operational concepts are beingformulated by Navy as part of a comprehensive study effortto generate accurate and timely information needed to val-uate the capabilities and cost effectiveness of current andfuture ship, aircraft, and weapon system combinations.

The primary benefit VSTOL will provide to sea-based air-craft will be the dispersion on smaller aircraft carriersair-capable ships, and fleet surface combatants. The Navyclaims dispersion enhances operational flexibility and re-duces total frce vulnerability partly by diverting the enemyaway from the high-priority, large carrier targets. In ex-ploring new operational concepts for VSTOL, considerationshould be given to the effect of achieving varying levelsof dispersion and how these levels will affect the plan tochange to a VSTOL sea-based air fleet.

STUDIES AND ANALYSES OF OPERATIONAL
CONCEPTS AND REQIREMENT- -

Anticipated modes of operation for VSTOL aircraft hasinspired the Navy to consider new and innovative ways touse sea-based aircraft. With VSTOL, the Navy recognizesthat future naval operational strategies may need to be re-defined which, in turn, cculd lead to a total force mix re-structuring.

Over the past 15 years, naval studies have looked atVSTOL aircraft in various roles. However, in 1975 the firstindepth review of VSTOL was undertaken to relate verticallift aircraft applications to Navy's warfare concepts. Atthat time, the CNO directed a study to formulate the futurerequirements for Navy VSTOL aircraft and identify appropriateVSTOL missions and platforms. A study report had not beenpublished by the time we had completed our review. A draftreport, entitled Navy VSTOL Warfare Concepts Study," datedApril 1977, recommended that the (l) Navy move toward a VSTOLaircraft posture by the early 1990s and (2) Navy make an ex-tensive analysis of force mix and size, future air-capableships' performance, and sea-based aircraft and support shipsof all types.
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CONCEPT OF DISPERSED SEA-BASED AIR POWER

The primary benefit VSTOL will provide to sea-based air-
craft in Navy operations will be the dispersion on smaller,
more affordable aircraft carriers, air-capable ships, and
fleet surface combatants. The Navy claims dispersion of air-
craft on a lar.er number of surface ship platforms enhances
flexibility and reduces force vulnerability. The nature
of the vulnerability reduction would be in diverting the
enemy away from the high-priority, large carrier targets and
in complicating his targeting problem.

Dispersion is important to the VSTOL concept, and how
effectively it can be achieved may be of prime importance.
Operational concepts envisioned for VSTOL as they apply to
dispersion, convey the following implications:

--Whether VSTOL should be developed at all if the Navy
cannot achieve designs for effective basing on the
small surface combatants.

--Whether the additional capability provided by basing
VSTOL on small surface combatants is worth the VSTOL
development expenditure, assuming advanced CTOLs can
replace current CTOLs on large carriers.

The converse of the above implications is whether the some-
what more limited dispersion of sea-based aircraft on smaller
more austere aircraft carriers (the pure VSTOL carrier) alone
justifies the development of VSTOL.

Although the cost effectiveness of VSTOL is unknown at
this time, one theory is that VSTOL should be more costly
than CTOLs; however, the smaller VSTOL carrier platform may
more than offset the aircraft cost increase. Another theory
is that the operational concepts using VSTOL begin to become
more cost effective as they are based on ships other than
carriers; i.e., on all air-capable ships taken as a whole.

CONGRESSIONAL INFORMATION NEEDS

The House Committee on Armed Services, during the fiscal
year 1978 budget review, deleted about 90 percent of Navy's
request for VSTOL program research and development funds.
The Senate voted the full amount and about half that amount
was restored by joint Senate and House of Representatives
conference action. The House Committee's stated reason for
the deletion was that the Navy had not submitted a plan that
described sound rationale and system objectives.
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Since those hearings the Navy had developed a master
study plan to provide

"* * * a framework for a systematic and complete
investigation of alternatives .id issues necessary
to support decisions concernejd the future of sea
based air. It incorporates a wide range of studies
programed to generate accurate and timely informa-
tion required to evaluate the capabilities and cost
effectiveness of current and future platform, air-
craft and weapons system combinations."

The Navy, at the direction of C.-':ess, is performing a cst
znd effectiveness study, to be gpleted by February 1978,which is being programed into the master plan.

Although costly, we believe the study effort outlined
in the master plan is necesary. If the Navy is allowed thetime and resources to complete the study effort in the best
professional way, in our opinion- the Navy will be able torrovide higher authority review levels with the rationale
and data needed to evaluate the VSTOL program.

CONCLUSIONS

Dispersion is of prime importance to the VSTOL program.
How effectively dispersion can be achieved may determine the
degree to which VSTOL is ultimately implemented. In explor-
ing new operational concepts for VSTOL, consideration shouldbe given to the effect of hieving various levels of dis-persion and how these levels will affect the plan to change
to a VSTOL sea-based air fleet.

RECOMMENDATION

We recommend that the Secretary of Defense give priorityattention to whether the operational concepts being proposed
for VSTOL are realistic and cost effective. Of particular
importance is whether VSTOI can be effectively dispersed.
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CHAPTER 4

TECHNOLOGY FOR VSTOL

In developing VSTOL, the Navy is faced with the complex
issues of developing a new type of aircraft as well as ad-
vancing the state-of-the-art for the aircraft's primary fea-
tures (airframes, propulsion, and avionics). Advances must
also be made in VSTOL's reliability, availability, and main-
tainability.

The Navy is using a vast array of tecnnical resources
to meet the challenge of VSTOL technology requirements. The
Navy cannot say, at this time, what the chance of success will
be.

TECHNOLOGY NEEDS

After much study, the Navy reported, in spring 1976,
that, the naval technical aviation community believed it was
possible to develop and produce VSTOL aircraft which could
fulfill the future mission requirements laid out for sea-
based, manned tactical aircraft. Two factors led to this
conclusion

--development of advanced technology jet aircraft
engines with their very high thrust-to-weight
ratios and

-- the science of subminiaturization which would enable
airborne weapon systems to be reduced i size and
weight.

The Navy advised us that general advances in the state-of-
the-art for these areas, vice specific advances, were the
basis for the above statements.

The Navy is continuing to assess whether technology will
be able to support VSTOL development. One such effort for
the VSTOL A program was the information request to industry
in FebLuary 1977. Ten airframe manufacturers submitted re-
sponses, and eight types of propulsion concepts were identi-
fied. The results of the Navy's analysis will be reflected
in design requirements to be established in the forthcoming
request for design concepts. The Assistant Secretary of the
Navy (Research, Engineering, and System) conducted another
assessment effort. The report on this effort had not been
released by the Navy at the time we had completed our review.
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The design studies, themselves, will add to the Navy'sassessment and definition of VSTOL technology needs. Thesestudies will also be used to define operational VSTOL weapon
systems, establish realistic performance and cost goals,identify major areas of risk, and formulate detailed totaldevelopment plans.

The Navy's VSTOL program manager described the techno-logy risK areas as shown below:

Technology Need

Propulsion High efficiency, high thrust-to-
weight

Airframe Weight reduction

Avionics Extreme weight reduction, small
light airborne early warning
radar

Flight characteristics Subsystem integration, transition
corridor to and from the vertical,
unrestricted ship operations

Brief technical discussions of two of these areas--pro-pulsion and avionics is included in appendix II.

TECHNOLOGY RISK ASSESSMENT

The Navy is deciding what the technological risk ofVSTOL should be. Navy technology experts said that tradi-tional approaches to risk assessment have to be modifiedbecause the type of assessment which is now being done forVSTOL had not been made this early for other program develop-ments.

High risk is built into the critical ath of the initialphases of the program in order to advance the technology.
Significant amounts of time and money are needed to reducethese areas to low risk by the time the full-scale develop-ment decision is to be made in 1985.

LARGE INCREASES IN RELIABILITY, MAINTAINABILITY,
AND AVAILABILITY ARE NEEDED

The key to the usefulness of VSTOL is dispersion, whichcan only be achieved through a substantial increase over CTOL
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experience in reliability, maintainability, and availability.
The Navy's tentative goals for the reliability and maintain-
ability characteristics of VSTOL represent a 5 to 6 fold
increase over current experience. The availability goal
is 1-1/2 times greater than the current fleet experience.
The Navy is assessing the potential for achieving these goals.

Reliability is defined as the probability that equipment
will perform its intended function for a specified interval,
under stated conditions, and it is measured in terms of mean
flight hours between failures (MFHBF). Maintainability is a
characteristic of design and installation which is expressed
as the probability that equipment will be retained or restored
to a specified condition within a given period of time, when
maintenance is performed in accordance with prescribed proce-
dures and resources. It is measured in terms of mean time be-
tween maintenance (MTBM) actions. A maintenance goal of
1 hour MTBM is being sought by the Navy for VSTOL. This is a
significant improvement over current experience with CTOL
aircraft. Operational availability is the probability that
a system or equipment, when used under stated ccnditions in
alx actual operational environment, shall operate satisfac-
torily when needed.

Naval analysis of industry's response to an informal
request for information (see p. 20) indicated tha a reli-
ability of 2.84 hours as the mean flight hours between
failures (MFHBF) was currently feasible on a system level.
Analysis was not done below the s stem level since some or
all the parts comprising the system evaluated may not be in
the VSTOL. The Navy is looking for a 6.5 hour MFHBF which
represents a 500 percent increase over the Navy's cur-
rent experience.

The Navy is experiencing a 60-pe.cent rate of avail-
ability for sea-based aircraft, which is acceptable on the
large carriers with their extensive su)port operations. This
experienced rate is not adequate for the anticipated VSTOL
.perations off smaller ships with limited space for spare
darts, storage, and repair operations. The Navy's goal for
VSTOL availability, however, is 90 percent.

POTENTIAL FOR ACHIEVING GREATER
RELIABILITY AND MAINTAINABILITY

Navy technology officials stated that reater reliability
and maintainability has not been required for prior aircraft
programs because of funding constraints. One of the tenets
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of the VSTOL program is that reliability and maintainabilityimprovements have to be cost effective. The Navy is devisinga plan on how reliability has to be allocated among aircraftcomponents to be able to achieve the goal.

As in all areas of the VSTOL program, tradeoffs have tobe made with regard to reliability and maintainability. How-ever, since VSTOL funds are not unlimited cost/benefit stud-ies must be performed to determine the amount of money to bespent for the required reliability. Tradeoffs between man-power, spare parts, and the reliability and maintainabilityof the system are being made in order to find the optimumlevel of availability affordable to the Navy.

CONCLUSIONS

We believe that because VSTOL is such a substantial de-parture from the Navy's current operational philosophy, itis going to require new operati-oal concepts that will puta greater premium on reliability, maintainability, and avail-ability. At the same time, significant advances in techno-logy are needed to reduce the high risk areas to low riskby the time the full-scale development decision is made in1985.

RECONMENDATION

We recommend tat the Secretary of Defense determinewhether the advances in technology necessary to develop VSTOLare reasonable and cn be achieved prior to the scheduledfull-scale development decision.
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CHAPTER 5

APPLICATION OF NEff PROCUREMENT

POLICIES FPO. IPROVED FRONT-END MANAGEMENT

OF SYSTEMS ACQUISITIONS

The Federal procurement process has recently undergonesignificant change to front-end management policies affect-ing major systems acquisition. The change--in the form ofincreased emphasis in the initial steps in the acquisition
phase of major programs--is embodied in the Office of Man-agement and Budget (OMB) Circular A-109, entitled "MajorSystem Acquisitions," and in implementing DOD directives.This section of the report discusses the Navy's applica-tion of the OMB and DOD front-end management policies to
the VSTGL program.

The Navy is committed to following the precepts ofthe circular. The VSTOL mission need document, althoughpreviously approved, is now being revised in accordancewith direction from the Secretary of Defense. Navy programofficials and some OMB policymakers, however, differ onwhether some of the completed and planned VSTOL program
actions comply with the new policies. The Office of theSecretary of Defense (OSD) has expressed its intentionto monitor compliance of the VSTOL program with the revisedpolicies. However, Mronitoring procedures have not yetbeen finalized. Wat remains to be seen is whether theNavy interprets tese policies the way the OMB intended.The fiscal year 1979 budget review by OMB, we understand,will be addressing this potential issue.

POLICY CHANGES IN MAJOR
SYSTEM ACQUISITIONS

The Commission on Government Procurement issued areport in December 1972 which recommended a new plan foracquiring major systems. In response to these recommenda-tions, the Office of Federal Procurement Policy (OrPP)was established and on April 5, 1976, OMB Circular A-109,was issued. This publication prescribed policy for allexecutive branch agencies in the acquisition of major systems.This policy attempts to diminish the controversy on whethernew systems are needed and to effect reforms that wouldreduce cost overruns.

17



The new policy, in consonance with the Commission's
tecommendations, requires

-- top-level management to determine agency mission needs
and goals;

-- an integrated systematic approach for establishing
mission needs, budgeting, contracting, and managing
programs;

--early direction of research and development efforts
to satisfy mission needs and goals;

--improved opportunities for innovative and competitive
private sector contributions to national needs;

--eariy communication with the Congress in the acquisi-
tion process by relating major system acquisitions
to agency mission needs and goals; and

--avoidance of premature commitments to full-scale
development and production.

The circular specifies certain key decisions and out-
lines the sequence of events to be followed in the major
system acquisition process. It provides agencies with
flexibility in determining how they will meet the require-
ments of the circular and staff key decisions. OFPP has
been examining how well major acquisitions are adhering to
the principles of the circular.

OSD implemented the OMB circular on January 8, 1977,
and reissued two directives describing the policy for the
management of major system acquisitions. The directives
were effective immediately and required the services to
issue implementing regulations within 120 days.

Policy changes for compliance with the circular ad-
dressed the front-end or planning phases of major systems
acquisitions. Under this policy, the acquisition process
begins when mission needs are first considered and recon-
ciled with competing priorities for resources within DOD.
The process provides an effective coupling of the tech-
nology base with the initial phase of the program and
insures that alternative design concepts are identified
as solutions to meet an established mission need. The
policy changed the emphasis from a solution-oriented view-
point to a mission-oriented viewpoint.
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A Secretary of the Navy memorandum dated February 8,
1977, accompanied the Navy's distribution of the reissued
DOD directives on major system acquisitions. This memoran-
dum provided advanced direction for compliance within the
Navy before its instruction was reissued. During our October
1977 review, the revised instruction had not been issued.

MISSION NEED STATEMENT IS BEING REVISED

A key element in the early stages of the major system
acquisition process is to determine mission needs. An analy-
sis identifying a deficiency in existing agency capabilities
or an opportunity to establish new capabilities in response
to a technologically feasible opportunity will be formally
set forth in a mission need statement (MNS).

On January 20, 1977, the Secretary of Defense approved
the Navy's mission need document for sea based air, as
it applied to the Type A VSTOL development program. The
MNS was justified on the basis that a technologically feasi-
ble opportunity was available which would improve present
capability. The MNS specified a VSTOL aircraft as the means
to satisfy the mission need and it stated that current
technological advances in the critical areas of propulsion,
airframe, and avionics now provide the Navy with an oppor-
tunity to develop VSTOL aircraft. According to the MNS,
this technology is feasible because of development of lighter
and smaller components and the attainability of higher-
thrust levels and lower-fuel consumption in advanced engine
designs.

On April 1, 1977, the current Secretary of Defense in-
formed the Navy that the previously approved MNS was

U* * * not specific enough about mission and
threat to provide a sound basis for an acquisi-
tion program. Moreover, it unnecessarily re-
stricts approaches to solution of the problem."

To remedy the situation, the Secretary requested the Navy
to prepare and submit mission element need statements (MENS)for each of the missions envisioned for the Type A VSTOL.
In addition, the Secretary requested, as a framework for
these and other ENS, that the Navy submit a MNS for the
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broad missions of sea control and sea power projection.
Fiscal year 1978 VSTOL funding was also deferred pending
receipt of the MNS and MENS. Both documents are due
30 working days before releasing the request for proposal
for Type A VSTOL design studies.

The VSTOL MENS has been revised in accordance with
the Secretary of Defense's requirements and approved by
the Secretary of the Navy.

The Navy is not writing the requested MNS for sea con-
trol and sea power projection because it believes the Navy
missions are adequately defined in Title 10, U.S.C.; DOD
Directive 5100.1 and the Naval Warfare Plan, Volume 1,
"Strategic Concept of the U.S. Navy." The Navy's position
on this matter has been conveyed to the Secretary of Defense.

Specifying a VSTOL to satisfy the mission need appears
to restrict the solution to a single system concept. An
agency head can approve such a course of action as an Lx-
ception within the process; however, the primary intent of
A-109 is not to encourage such restrictions but to encourage
consideration of alternative and competing concepts to find
the most cost-effective solution to this problem. The Secre-
tary of Defense, in approving the VSTOL MNS, exercised this
exception.

NONCOMPLIANCE OF PROPOSED
ACQUISITION PROGRAM ACTIONS

Two documents for the VSTOL program have been released
to industry; the request for quotation/information and the
preliminary acquisition strategy. The Navy is analyzing
industry's responses to the information request and is
preparing a request for proposal for design studies sche-
duled to be issued in mid-1978. This effort will be followed
by a prototype design phase in which contracts for competi-
tive development will be awarded.

In comparing aspects of the above program documents
and Circular A-109 with Navy officials, we found differences
in perception as to the extent to which VSTOL proposed
program actions comply with the intent of the circular.
For example:

-- In the information request to industry, the Navy re-
quested data on each of the aircraft's subsystems--
airframe, propulsion, and avionics--instead of
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requesting a proposal for the entire system design
(as stated in A-109). This restricted industry inno-
vation and the necessary tradeoffs that may be required
among the various subsystems. Such restrictions,
could result in optimizing each subsystem (referred
to as system goldplating) instead of trading off
individual subsystem performance reductions for
a total system performance package. Further, after
reviewing the Navy's acquisition strategy, it appears
that the same approach could be used in requesting
proposals for design studies.

-- Both the information request to industry and the
acquisition strategy document anticipate transfusing
technology among contractors, again not providing
the necessary motivation for contractors to initiate
their best ideas for a complete system. According
to the information request the Government would
pick and choose subsystems or concepts to develop
a design concept for subsequent use in the request
for proposal for design studies. This, appears to
be transfusion of technology and is not the intent
of the circular. 1/

--The Navy's acquisition strategy contemplates re-
competition which allows the introduction of new
contractors during the prototype and full-scale
development stages. The circular appears to require
continuing contractural relationships through the
complete acquisition process by eliminating the
original competing contractors with less attractive
system design concepts as development proceeds to-
ward full scale development and initial production.

Subsequently, the Navy informed us that the acquisition
strategy was only preliminary and not the final position.
Further, the approach to be used in the request for proposal
for design studies had not been decided, and alternative
contractual means were still being considered. These include
a proposal which could result in awards for each subsystem
or awards for the entire aircraft design. We were subse-
quently informed that the Navy plans to solicit design study
proposals for the entire aircraft system.

i/This is discussed in A Discussion of the Application of
OMB Circular o. A-109"; OFPP Pamphlet #1 Aug. 1976.
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With regard to technology transfusion, we were advised
by the Navy that technology transfusion in the sense of the
circular will not occur through the design study stage. The
request for proposal for prototype development may require
some transfusion expressed in terms of capability, but it
will not dictate the technique necessary to achieve the de-
sired characteristics.

In regard to continuing contractual relationships the
Navy has not decided on whether to hold an open competi-
tion for the prototype phase.

A situation on differences of interpretation, as de-
scribed above, is not unusual when attempting to apply a
new policy and this particular new policy. Our prior re-
ports disclosed similar differe:nces in interpretations by
DOD in how closely the Commission's recommended acquisition
policy was being followed for selected major acquisitions. 1/
The Navy's evaluation of industry responses to the request
for information was not available for our review and the re-
quest for proposal for design studies will not be available
until 1978. Also, planned Navy actions are still uncertain.
We are unable to comment on whether the Navy's plans will
conform with the intent of the circular.

In order to more fully unders'and the intent and im-
plicatior of A-109, we contacted OMB and received inter-
pretations of the policy as it might be applied o various
type major system acquisitions. OMB has advised us that during
the fiscal year 1979 budget review cycle they plan to exa-
mine selected new major system acquisitions in sufficient
depth, including VSTOL, to make the necessary determinations
in respect to compliance with A-109. We were also advised
that the assessment of compliance would be made available
to the Navy.

/GAO reports on three major acquisitions comparing the
beginning steps in the acquisiton process with the ac-
quisition plan recommended by the Commission on Government
Procurement were issued on January 24, 1977. The systems
reviewed include the Pershing II, (PSAD-77-51); the Ship-
board Intermediate Range Combat System (PSAD-77-49);
NAVSTAR (PSAD-77-50).

22



DOD OVERVIEW

In March 1977, the Chairman, Senate Committee on Appro-priations, in order to fully consider the fiscal year 1978budget request, asked DOD to provide specific informationon how well the revised acquisition policies were beingapplied to their programs. VSTOL was one of the programscited in the request to the Director of Defense Researchand Engineering.

DOD's response, dated June 3, 1977, advised that theacquisition process for the VSTOL A program is structuredto comply with the provisions of OMB Circular A-109. Thisintent to comply is stated in the Navy project charter forthe VSTOL program. Also, VSTOL program officials have beenbriefed on (1) the new OMB policy (2) implementing DODregulations, and (3) their applicability to the VSTOL de-velopment program. The response advised, further, thatDOD will periodically review the VSTOL program to monitorcompliance with the revised policies.

In October 1977, DOD policy implementation officialsadvised that due to a reorganization then underway, specific
procedures for monitoring the circular's compliance had notbeen established. They said that DOD is still attemptingto develop its roles in overseeing the revised major systemacquisition process.

In January 1978, we were informed by OSD that on Novem-ber 22, 1977 a review was held of 16 major programs to deter-mine if they complied with A-109 or, lacking compliance whatactions would be taken. This review was at the request ofOFPP. The VSTOL program received considerable attention.
Of primary concern to OFPP was that the MENS for Sea-BasedAir which was submitted to the Secretary of Defense for ap-proval on November 1 was really a statement of need forVSTOL. Other alternatives were not given sufficient em-phasis and the actual mission need was not clearly stated.Further, OSD believed that VSTOL was a technology programwhich, if successful, could represent a candidate tosatisfy the sea-based air mission. OSD concluded thatVSTOL, on these grounds was compliant with A-109. TheMENS is currently being reviewed by OSD officials.
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CONCLUSIONS

'*ted Navy and DOD policy is that the VSTOL program
will ply with the provisions of OMB Circular A-109.
As of te date of this report, the Navy was still planning
the approach it would use in the acquisition process. OMB
plans to review compliance of selected major system acquisi-
tions during the FY79 Budget review cycle. OMB representa-
tives advised that its position will be made available to
the Navy during the fiscal year 1979 budget review cycle.
The timing of OMB's review is critical because of the Navy's
planned program action for March 1978; i.e., the release
of the request for design study proposals.

RECOMMENDATION

We recommend that the Secretary of Defense resolve
the question of compliance with regard to CMB Circular
A-109 early in the VSTOL program.
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APPENDIX I APPENDIX I

CAPABILITIES FOR WARFARE TASKS

Sea-based
aircrafts performing mission

Fundamental tasks CTOL V7STOL

ANTIAIR WARFARE:
Air sgperiority F-14/F-4 B
Air defense E-2C/P-1 -4/AV-8a

ANTISUBMARINE WARFARE:
Distant operations S-3 AClose operations H-3/LAMPS/S-3 A (S-3

replacement)

ANTISURFACE SHIP WARFARE:
Distant operations A-6/A-7/A-4 B and A
Close operations LAhPS/A-6/A-7/A-4 B and A

STRIKE WARFARE:
Nuclear 4/F-4/A-6/A-7/A-4 B
Conventional F-14/F-4/P-6/A-7/A-4 BAMPHIBIOUS WARFAPE:
Vertical Assailt H-53/H-46/H-1 AOver the Beaclh H-53/H-46/H-1 AClose support AH-1/A-6/A-7/A-4/F-4/AV-8 B

MINE WARFARE:
Offensive All Attack aircraft/S-3 A
Countermeasures RH-53D A/RH-53X

SPECIAL WARFARE

Supporting Tasks

INTELLIGENCE:
Imagery EA-3B A and BReconnaissance RA-5/RF-8 B
Surveillance All A

COMMAND, CONTROL AND
COMMUNICATIONS E-2C A

ELECTRONIC WARFARE EA-6B A

LOGISTICS:
Long haul resupply C-2 A
Local resupply C-1/C-2/H-46/H-53 ARepair A

STRIKE CONTROL E-2C A
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TECHNICAL DISCUSSION OF PROPULSION AND AVIONICS

Propulsion

In order for VSTOL to operate effectively, substantial
efforts in the propulsion area have to be undertaken. The
VSTOL engine has to be built from scratch for four reasons--
size, efficiency over a wide range of thrusts, thrust-to-
weight ratio, and reliability.

N.val technologists believe the desired technology goals
for operation are not overly optimistic. As a minimum, they
believe that within the current state-of-the-art in propul-
sion technology the thrust-to-weight ratios needed for VSTOL
can be achieved.

The six basic propulsion concepts for VSTOL are the tilt
wing. the tilt engine, the thrust augmented wing, lift plus
lift/cruise, lift/cruise fan, and rotor. The tilt wing
concept uses the propellers to produce lift in the vertical
mode and as the aircraft gains forward speed, to induce ad-
ditional lift on the wings. Finally the wing and engines
tilt horizontally for flight in the conventional mode. The
tilt engine concept has fixed wings, the engines and fans
being pivoted, so that take-off thrust is direct downward
and conventional flight has the engines in their normal hori-
zontal position. In the thrust augmented wing, high energy
engine exhaust gases or fan exit air are used to entrap large
quantities of ambient air which is drawn through and mixed
in the augmenter to produce thrust/lift in the vertical mode.
In conventional flight the exhaust gases are directed at and
the augmenters closed. The lift plus lift/cruise concept was
one engine solely for the purpose of providing lift for take-
off and landing, while the other two engines are used for
both lift, through vectoring or deflectors, and cruising
thrust. The lift/cruise fan concept combines ducted
fans buried in the wings and fuselage for direct lift with
conventional jet engines to achieve horizontal flight. The
exhaust from the jet engines drives the fans, thus elimin-
ating a second propulsion system. The rotor concept is basi-
cally a helicopter type technology.

The propulsion power required for a high disc oading
fan propelled VSTOL A aircraft is nearly twice that of its
CTOL counterpart. The VSTOL A will be powered by two or
more engines and require a system of shafts, gear boxes,
and governing controls to rapidly transfer power between the
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thrust producing devices to produce control forces or to
compensate for an engine failure. A relatively sophisti-
cated digital flight control system will be required to
operate and properly phase the thrust vectoring devices,
fan thrust controls, and the conventional aerodynamic con-
trol surface. This is the case because it is the smallest
and lightest system which will handle the multiplicity of
control input signals, sensor information and phasing of
control outputs required. The VSTOL A aircraft of the
high disk loading type may require installed shaft power
as high as 40,000 shp. For a two engine configuration
20,000 shp engines would be required, and 10,000 shp en-
gines are needed for a four engine configuration. Although
the largest developmental turboshaft engine built is the
XT 701 which produces less than 8,000 shp, the engine
size is considered within the state of art since high bypass
ration fan engines with internal shaft horsepowers of 25,000
shp are flying today. Projected technology can produce
the necessary engine gas flow path required to create the
necessary IP/weight ratio for the basic shaft engine. Re-
liability questions, and unknown qualities of airflow dis-
toT:tion tolerance, however, will require much concentrated
effort to resolve.

Airborne early warning radar

One of the equipment technology advancements necessary
to the success of Type A VSTOL is the reduction of weight in
the airborne early warning avionics suite. This could be ac-
complished by eliminating or extremely reduction the size
and weight of the heavy antenna (rotodome) on top of the air-
craft which performs the airborne early warning mission. It
is too burdensome for an aircraft to achieve the required
vertical mode of flight.

One type of airborne early warning radar being investi-
gated in exploratory development by the Naval Air Development
Center (NADC) is a phased array, using solid state comporents.
Other research is being done at the naval research labs. NADC
technology experts believe the new radar is of medium risk
because there has been hardware sice 1976.

The radar being developed probably will not provide con-
tinuous and complete circular coverage. However, the sensors
can be channeled in one direction so that the range of the
radar can be extended in that direction. Also, by directing
all radar power in one direction, an option not currently
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available, electronic counter-countermeasures will be en-
hanced. One advancement in the new airborne early warning
radar will be increased reliability.
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EXICUTIV CMCZ CF THE PPUSID.NT
OFFICE OF MANAGIEMINT AND UDGET

WASHINGtON. .. 100@3

April 5, 1976 CIRCULAR NO. A-109

TO TE EADS OF EtCUTIVE DEPARTMENTS AND ESTABLISHMENTS

SUBJECT: Major System Acquisitions

1. Purpose. This Circular stablishes policies, to be
follwoed by executive branch agencies in the acquisition of
major systems.

2. Background. The acquisition of major systems by the
Federal Govrnment constitutes one of the most crucial and
expensive activities performed to meet national needs. Its
impact is critical on technology, on the Nation's economic
and fiscal policies, and on the accomplishment of Government
agency missJons in such fields as defense, space, energy and
transportation. For a number of years, there has been deep
concern over the effectiveness of the management of major
system acquisitions. The report of the Commission on
Government Procurement recormended basic changes to improve
the process of acquiring major systems. This Circular is
based on executive branch consideration of the Commission's
recommendations.

3. ResLnsibility. Each agency head has the responsibility
to ensure that the provisions of this Circular are followed.
This Circular provides administrative direction to heads of
agencies and does not establish and shall not be construed
to create any substantive or procedural basis for any person
to challenge any agency action or inaction on the basis that
such action was not in accordance with this Circular.

4. Coverage. This Circular covers and applies to:

a. Management of the acquisition of major systems,
includingt · Analysis of agency missions Determination of
mission needs * Setting of program objectives 0
Determination of systm requirements * System program
planning * Budgeting * Funding Research * Engineering
Development * Testing and evaluation * Contracting
Production · Program and man ;,ment control Introduction

(No. A-109)
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of the system into use or otherwise successful achievement
of program objectives.

b. All programs for the acquisition of major systems
even though:

(1) The system is one-of-a-kind.

(2) The agency's involvement in the system is
limited to the development of dmonstratiaon hardware for
optional use by the private sector rather than for the
agency's own use.

5. Definitions. As used in this Circular:

a. Executive agncy (hereinafter referred to as agency)
means an xecutiv- department, and an independent',
establishment within the meaning of sections 101 and 104(l),
respectively, of Title 5, United States Code.

b. Aqncy component means a major organisational
subdivisin of an agency. For example The Ary Navy, Air
Force, and Defense Supply Agency are agency components of
tha Department of Defense. The Federal Aviation
Administration, Urban Mass Transportation Administration,
and the Federal Highway Administration are agency cmponents
of the Department of Transportatio..

C. Aency rissions means those responsibilities for
oeeting nationa n -assigned to a pecific agency.

d. ission need means a required capability within an
agency's overail purpose, including cost and schetdule
considerations. -

e. Program obtectives mans the capability, cost and
schedule goals being sought by the system acquisition
program in response to a mission need.

f. Prosar meani an organized set of acttivities
directed toward a common purpose, cbjctive, or goal
undertaken or proposed by 'an agency in order to carry out
responsibilities assigned to it.

g. Sstem desgn concept mean an idea expressed in
terms of general performance, capabilities, and
characteristics of hardware and software oriented either to

(No. A-109)
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operate or to be operated as an integrated whole in meetinga mission need.

h. ajor system means that combination of elements thatwill function together to produce the capabilities requiredto fulfill a mission need. The elements may include, forexample, hardware, equipment, software, construction, orother improvements or real property. Major systemacquisition programs are those programs t.at (1) aredirected at and critical to fulfilling an agency mission,(2) entail the allocation of relatively large resource, and(3) warrant special management at'ention. Additionalcriteria ane relative dollar thresholds for thedetrmination of agency programs to be considered majorsystems under the purview of this Circular, may beestablished at the discretion of the agency head.
. System acqition process means the seque) of

acquisiton iatievi starting from the aqency'sreconciliation of its mission needs, with its capabilities,priorities and resources, and extending through theintroductior. of a system into operational use or theotherwise successful achievement of program objectives.

j· Life cycl cost means the sum total of the direct,indirect, recurr-i-Tng, nonrecurring, and other related costsincurred, or estimated to be incurred, in the design,development, production, operation, maintenance and supportof a major system over its anticipated useful life span.
6. General policy. The policies of this Circular aredesinedA to assure the effectiveness and efficiency of theprocess of acquiring major systems. They are based on thegeneral policy that Federal agencies, when acquiring majorsystems, will:

a. Express needs and program objectives in missionterms and not equipment terms to encourage innovation andcompetition ir creating, exploring, and developingalternative syutem design concepts.

b. Place emphasis on the initial activities of thesystem acquisition process to allos, competitive explorationof alternative system design concepts in response to missionneeds.

(No. A-109)
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c. Communicate with Congress early in the system
acquisition process by relating major system acquisition
programs to agency milsion needs. This communication should
follow the requirement of Office of Management and Budget
(OMB) Circular No. A ' concerning information related to
budget estimates and related aterials.

4. Establish clear lines of authority, responsibility,
and accountability for management of major system
acquisition programs. Utilize appropriate managerial levels
in decisionmaking, and obtain agency head approval at key
decision points in the evolution of each acquisition
program.

e. Designate a focal point responsible for integrating
and unifying the system acquisition management process and
monitoring policy implementation.

f. Rely on private industry in accordance with the
policy established by OM9 Circular No. A-76.

7. Major syvstem acuiition management obdectives. Each
agency acquirig majo rsystems .hould

a. Ensure that each major system: ulfills a mission
need. Operates effectively in its intended enironment.
Demonstrates a level of performance and reliability that
justifies the allocation of the Nation's limited resources
for its acquisition and ownership.

b. Depend on, whenever economically beneficial,
competition between similar or differing system design
concepts throughout the entire accuisition process.

c. Ensure appropriate trade-off among investment costs,
ownership costs, schedules. and performance characteristics.

d. Provide strong checks and balances by ensuring
adequate system test and evaluation. Conduct such tests and
evaluation independent, where practicable, of developer and
user.

e. Accomplish system acquisition planning, built on
analysis of agency missions, which implies appropriate
resource allocation resulting from clear articulation of
agency J.i-ion needs.
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f. Tailor an acquisition strategy for each program, assoon as the agency decides to solicit alternative systemdesign concepts, that could lead to tie acquisition of a newmajor system and refine the strategy as the program proceedsthrough the acquisition process. Encompass test andevaluation criteria and business management considerationsin the strategy. The strategy could typically include:Use of the contracting process as an important tool in theacquisition program * Scheduling of essential elements ofthe acquisition process * Demonstration, test, andevaluation criteria · Content of solicitations for proposals
I Decisions on whom to solicit · Methods for obtaining andsustaining competition * Guidel4ins for the evaluation andacceptance or rejection of proposals Gals for design-to-cost Methods for projecting life cycle costs Use of datarights * Use of warranties Methods for analyzing andevaluating contractor and Government risks · Need fordeveloping contractor incentives · Selection of the type ofcontract best suited for each stage In the acquisition
p:ocess · Administration of contracts.

g. Maintain a capability to: Predict, review, assess,negotiate and monitor costs for system development,engirsering, design, demonstration, test, production,opnration and support (i.e., life cycle costs) · Assessacquisition cost, schedule and performance experienceaglinst predictions, and provide such assessments forconsideration by the agency head at key decision points ·
Make new assessments where significant costs, schedule orperformance variances occur ' Estimate life cycle costsduring system design concept evaluation and selection, full-scale development, facility conversion, and production, taensure appropriate trade-offs among investment costs,ownership costs, schedules, and performance Useindependent cost estimates, where feasible, for comparisonpurposes.

S. Management structure.

a. The head of each agency that acquires major systemswill designate an acquisition executive to integrate andunify the management process for the agency's major system
acquisitions and to monitor implementation of the policiesand practices set forth in this Circular.

b. Each agency that acquires--or is responsible foractivities leading to the acquisition of--major systems will
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establish clear lines of authority, responsibility, and
accountability for management of its major system
acquisition programs.

c. Each agency should preclude management layering and
placing nonessential reporting procedures and paperwork
requirements on program managers and contractors

d. A program manager will be designated for each of the
agency's major system acquisition programs. This
designation should be made when a decision is made to
fulfill a mission need by pursuing alternative system design
concepts. It is essential that the program manager have anunderstanding of user needs' and constraints, familiarity
with development principles, and requisite management skills
and experience. Ideally, management skills and experience
would include: Research and development · Operations ·
Engineering · Construction ' Testing · Contracting ·
Prototyping and fabrication of complex systems · Production

Business Budgeting I Finance. With satisfactory
performance, the tenure of the program manager should be
long enough to provide continuity and personal
accountability.

e. Upon designation, the program manager should begiven budget guidance and a written charter of his
authority, responsibility, and accountability for
accomplishing approved program objectives.

f. Agency technic, l management and Government
laboratories should be considered for participation in
agency mission analysis, evaluation of alternative system
design concepts, and support of all development, test, and
evaluation efforts.

g. Agencies are encouraged to work with each other to
foster technology transfer, prevent unwarranted duplication
of technological efforts, reduce system costs, promotestandardization, and help create and maintain a competitive
environment for an acquisition.

9. ey decisions. Technical and program decisions normally
will b made at the level of the agency component oroperating activity. However, the following four key
decision points should be retained and made by the agencyhead:
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a. dentification anl definition-of a specific mission
need to be fulfilled, te relative priority assigned within
the agency, and the genu:al magnitude of resources that may
be invested.

b. Selection of competitive system design concepts to
be advanced to a test/demonstration hase or authorization
to proceed with the development of a nncompetitive (single
conscep*) system.

c. Commitment of a system-to full-scale develcpment and
limited production.

d. Commitment of a system to full production.

10. Determination of mission needs.

a. Determination of mission need should be based on an
analysis of an agency's mission reconciled with overall
capabilities, priorities and resources. When analysis of an
agency's mission shows that a need for a now major ystem
exists, such a need should not be defined in equipment
terms, but should be defined n terms of the mission,
purpose, capability, agency .mponents involved, schedule
and cost objectives, and operating constraints. A mission
need may result from 'a deficiency in existing ageny
capabilities or the decision to establish new capabilities
in response to a technologically feaslble opportunity.
Mission needs are independent of any particular system or
technological solution.

b. Whre an agency hai, more than one component
involved, the agency wll assign the roles and
responsibilities of each component at the time of the first
key decision. The agency may permit two or more agency
components to sponsor competitive system design concepts in
order to foster innovation and competition.

c.. Agencies should, as required to' satisfy mission
responsibilities, contribute to the technology base,
effectively utilizing both the private sector and Gover=nnnt
laboratories and in-house technical centers, by conducting,
supporting, or sponsoring * Research · System design
concept tudies Proof of concept work ' Exploratory
subsystem development Tests and evaluations. Applied
technology efforts oriented to system developments should be
performed in response to approved mission needs.
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11. Alternative systems.

a. Alternative system design concepts will be explored
within the context of the agency's mission need and programobjectives--with emphasis on generating inocvation and
conceptual competition from industry. Benefits to bederived should be optimized by competitive exploration ofalternative system design concepts, and trade-offs ofcapability, sc.ue, and cost. Care should be exercised
during the inicial steps of the acquisition process not to
conform mission needs or program objectives to any known
systeams or products that might foreclose consideration of
alternatives.

b. Alternative system design concepts will be solicited
from a broad base of qualified firms. In order to achieve
the most preferred system solution, emphasis will be placed
on innovation and competition. To this end, participation
of smaller and newer businesses should be encouraged.
Concepts will be primarily solicited from private industryt
and when bneficial to the Government, foreign technology,
and equipment may be considered.

c. Federal laboratories, federally funded research anddevelopment centers, educational institutions, and other
not-for-profit organizations may also be considered assources fcr competitive system design concepts. Ideas,
concepts, or technology, developed by Government
laboratories or at Government exp:se, may be made available
to private industry through the procurement process orihrough other established procedures. industry proposals
may be made on te basis of these ideas, concepts, and
technology or on the basis of feasible alternatives which
the proposer considers superior.

d. Research and development efforts should emphasize
oerly competitive exploration of alternatives, as relatively
inexpensive insurance against premature or preordained
choice of a syst~e'that may prove to be either ore costly
or less effective.

e. Requests for alternative systam design concept
proposals will explain the ission need, schedule, cost,
capability objectives, and operating constraLnts. Eachofferor will be free to propose his own tchnical approach,
tain design features, subsystems, and alternatives to
schedule, cost, and capability goals. n the conceptual and
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less than full-scale development stages, contractors should
not be restricted by detailed Government specifications and
standards.

f. Selections from competing ystm design concept
proposals will be based on a review b a team of experts,
preferably from inside and outside the responsible component
development organization. Such a review will consider: (1)
Proposed system functional and performance capabilities to
meet misnion needs and program objectives, including
resources required and benefits to be derived by trade-offs,
where fasible, among technical performance, acquisition
costs, ownership costs, time to develop and procure; and (2)
The relevant accomplishment record of competitors.

g. During the uncertain period of identifying and
exploring alternative system desin concepts, contracts
covering relatively short time periods at planned dollar
levels will be used. Timely technical reviews of
alternative system design concepts will be made to effect
the orderly elimination of those least attractive.

h. Contractors should be provided with operational test
conditions, mission performance criteria, and life cycle
cost factors that will be used by the agency in the
evaluation and selection of the system(s) for full-scale
development and production.

i. The particpating contractors sh)uld be provided
with relevant operaional and support experience through the
program manager, as necessary, in developins performance and
other requirements for each alternative system design
concept as tests and trade-offs are made.

j. Development of subsystems that are intended to be
included in a major system acquisition program will be
restricted to leess than fully designed hardware (full-scale
development) until the subsystem i identified as a part of
a system candidate for full-scale development. Exceptions
may be authorized by the agency head if te subsystems are
long lead time items that fulfill a recognized generic need
or if they have a high potential for common use among
several existing or future systems.
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12. Demonstrat ions.

a. Advancement to a cmet.tve t east/de..o.rstatcn
phase may be approved when the agency's mission need and
program objectives are reaffirmed and when alternative
system design concepts are selected.

b. Major system acquisition programs will be structured
and resources planned to demonstrate and evaluate competing
alternative system design concepts that have been selected.
Exceptions may be authorized by the agency head if
demonstration is not feasible.

c. &D velopmant of a single system design concept that
has not been competitively selected should be considered
only if justified by factors such as urgency of need, or by
the physical and financial impracticality of demonstrating
alternativas. Proceeding with the development of a
noncompetitive (single concept) system may be authorized by
the agency head. Strong agency program management and
technical direction should be used for systems that have
been neither competitively selected nor demonstrated.

13. Full-scale developmnt and production.

a. Full-scale development, including limited
production, may be approved when the agency's mission need
and program objectives are reaffirmed and competitive
demonstration results verify that the chosen ystem design
concept(s) is ound. I

b. Full production may be approved when the agency's
mission need and program objectives are reaffirmed and when
system performance has been satisfactorily tested,
independent of the agency development and user
organizations, and evaluated in an environment that assures
demonstration in expected operational conditions.
Exceptions to independent testing may be authorized by the
agency head under such circulstances as physical or
financial impracticability or extrame rgency.

c. Selection of a system(s) and cntractor(s) for full-
scale development and production is to be made on the basis
of (1) system performance measured against current mission
need and program objectives, (2) an evaluation of estimated
acquisition and ownership costs, and (3) such factors as
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contractor(s) demonstrated management, financial, and
technical capabilities to meet program objectives.

d. The program manager will monitor system tests and
contractor progress in fulfilling system performance, cost,
and schedule conmmitents. Significant actual or forecast
variances will be brought to the attention of the
appropriate management authority for corrective action.

14. Budgetin and financing. Beginning with FY 1979 all
agencie wil, as part of. the budget process, present
budgets in terms of agency missions in consonance with
Section 201(i) of the Budget and Accounting Act, 1921, as
added by Section 601 of the Congressional Budget Act of
1974, and in accordance with OMB Circular A-11. In so
doing, the agencies are desired to separately identify
research and dvelopmert funding for: (1) The general
technology base n support of the agency's overall missions,
(2) The specific development efforts in support of
alternative cystem design concepts to accomplish each
mission need,- and (3) Full-scale developments. Each agency
should ensure that research and development is not
undesirably duplicated across its miss ons.

15. Information to Congress.

a. Procedures for this purpose will be developed in
conjunction with the Office of Management and Budget and the
various committees of Congress having oversight
responsibility for agency activities. Beginning with FY
1979 budget each agency will inform Congress in the normal
budget process about agency missions, capabilities,
deficiencies, and needs and objectives related to
acquisition programs, in consonance with Section 601(i) of
the Congressional Budget Act of 1974.

b. Disclosure of the basis for an agency decision toproceed with a single system design concept without
competitive selection and demonstration will be made to the
congressional authorization and appropriation committees.

16. Implementation. All agencies will work closely with the
Office of i'agement and Budget in resolving all
implementation problems.

17. Submissions to Office of Management and Budget.Agencies wiii subm-rt the following to -
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a. Policy directives, regulations, .and guidelines as
they a ssued.

b. Within six months after the date of this Circula, atime-phased action plan for meeting the requirements of this
Circular.

c. Periodically, the agency approved exceptionspermitted under the provisions of this Circular.

This information will b used by the OMB, in identifyingmajor system acquisition trends and in monitoring
implementations of this policy.

18. Inquiries. All questions or inquiries should besubmt-e--to the OMB, Administrator for Federal ProcuremehtPolicy. Tlephone number, area code, 202-395-4677.

"GH E. WITT
ADMNISTATOR FOR

FEDERAL PROCUREMENT POLICY

pproved:

/ ,/ JA=ES T. LYNN
DIRBCTOP
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