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INTRODUCTICH

"For more than a decade the Soviets have prcduced nore reapens,
|

i A T 4

% 'f in greater variety, taan the United States." Zstimating the ezxact
¢ 3 quantitative, much less gqualitative, difference is difficult and
subject to controversy. A recent CIA study stated Soviet defense

costs exceeded U.s. outlays by over ten percent and equalled in

constant 1978 dollars about $145 billion, In military investment
alone the Soviets exceeded the U.S. by an estimated 65 percent in
1973.2 The purpose c¢f this paper is tc ccmpare one aspect of this
defense spending--the aircraft acquisition cycle.

Section I will outline the current U.S. approach to research

;
§
1
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!
i
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and procurement of a major weapon system. Included in this secticn
will be a discussion of two specific and relatively new features

of the U.S. systen--fly-béfore-huy and the program manager concept.

Section II deals with the Soviet system. The third and concluding

A ial NS Rl wsaiahil, o il oo

section is the author's personal view on the more obvious and

critical shortcomings of the two systems.,
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I8E U,5. AIRCRAFT ACCUISITICI ERCTESS

i /'/' 2
The Department of Defense aircraft acquisition cycle in

its basic format is diagrammed in figure 1 on page__ The first

of the five classical stages in the acquisition process is the

conceptual vhase. Ferception of the threat is the catalyst for

the entire process. Cnce the threat has been defined, alterna-

tive ways to meet the threat are determined. Frovisional systems

are presented and a preferred solution established. Simultaneously,

rerformance standards and concepts are defined. Prime service

customers are identified and interested contractors and consulting

rirﬁs are contacted. Funds for this conceptual phase are provided

by Congress from Research, Development, Test and Evaluation

(RDT&Z) appropriations, Generally, the conceptual phase will cover

exploratbry and advanced development and experimental prototypes.3
The product of this‘stage is a viable program concept., With

completion of this concept (in our case a new aircraft design)

the conceptual phase ends with a decision by the Defense Systenm

Acquisition Review Council (DSARC). The DSARC is an "advisory

bdhy of the Secret#ry of DQfenSe bn.hajor system acquisitions.

The council members are the OSD staff principals."#

. Looking again at figure one, one sees there are three L3A2C
decision points. Each of these is critically important. TWith a
negative decision at any of these points the program is finished.
At the end of the conceptual phase the DSARC I, or "progran

decision" 1is mado.5 It is ultimately decided by the SZCDZF,




based mainly on his evaluation of the recommendations of the DIARC,
This decision is based on the program effectiveness, cost, and its
integration into the overall projected defense posture.

2ased on a favorable decision to continue development at
D§ARC I, the new aircraft idea moves into the yvalidation phase.
This phase involves verification of preliminary design and engi-
né€ering, solicitation and evaluation of spécific proposals for
engineering development, and selection of a development contractor
or contractors. Essentially the objective is "to provide a basis
for determining whether or not to proceed into full-scale develor-
ment."6 Advanced prototyping efforts are done to confirm feasibility
of technology, miiitary utility, and adequate reduction of risk,
Cost and development schedule estimates are developed for full
scale development. At DSARC II, the decision to advance to the
third major stage is again made by the Office of the Secretary of
Defense.
The third major segment of the cycle is entitled full-scale
development. I+ . at this point the wea@on system as a vhole,
including support equipdent is engineered, constructed and tested.
"The objecéive of this process is to provide sufficient information
for a decision to initiate production of the system."7 Near pro-
ddction prototypes are delivered and tested to determine final
design. Tradeoffs between stated opefational requirenents and
other variables like cost, technical feasibility, and delivery
dates are worked out, Most of the research and development outlays

o
take place during the full-scale development phase.”
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It is aessantial that continuous and critical reviewvs be made

of the program as it develops. This is particularly true bdefcre

arriving at a decision to go into full-scale development, In recent
years, begininning with Secretary liclamara, this system of reviews
has bvecome more and mcre formalized.

The fou;ﬁh sta;e of the acquisition process is the production
ggggg. It is here the majority of funds are committed.? In this
facet of the cycle the production contract is agreed upon. The
total system, including spares, facilities, and training equipment
is produced. This phase also includes production, service, and
user testing. An attempt is made to schedule financial commit-
ments so that they are minimized initially until major engineering
or d?velopment problems, if any, are resolved. If the acquisition
process has functioned ideally, these developmental problems will
have been resolved during previous phases. But, invériably, some
technical or engineering problems, however minor, will creep into
the process unannounced at any stage.

“hen the classical production phase is complete the weapon
system is turned over Eo the using command, which begins the last
of the five stages--the deployment vhase., This is when the opera-
tional units are trained, and necessary logistical support is
supplied along with the equipment. Normally in the Air Force
piocess, it is during the deployment phase that the weapon system
is transferred from Air Force Systems Command to Air Torce Logistics

Command.
FLY-BEFORE-BUY Al'D CCLFETITIVE FRCTCTYPING

In defense Jjargon, fly-before-buy has become a household word,
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Frior to fly-tefore-tuy we had licilamara's Total Fac'izge Frocure-
ment Concept (IFFC). This program had all anticipated development,
production, and supprort rrocured in one total package with a
single conf:act with price and performance specifications at the
onset. This envisioned a single major authorization decision

10 “hen compared to fly-before-buy, one major difference

Léing made.
with TPPC was that the former program had highly concurrent pro-
duction initiated long before development was completed.

Senator John L, McClellan once remarked that this procurement
process which was responsible for the F-111 was "a fiscal blunder
of the greatest magnitude" which wasted more than 50C million
dollars, impacted-a&versely on U,S. defense posture, and lowered
public confidence in the defense establishment of this country.“
The F-111 was embodiment of TPPC, and as evidenced by the quote
above,not a very efficient procurement policy. Cne often cited
shortcoming which was inherent in the philosophy of concurrent
development was an over reliance on "paper designs." This concept
often led to severe technical problems, high cost overruns, and
in some cases progranm cancella.i;:!.on.]2

This less than successful acquisition management system was
réplaced in 1970 by é competitive prototyping concept, commonly
known now as fly-before-buy. In'creating this system, lr Davig
.Packard believed the DCD should put more emghasis on hardware
and testing than on "paper studies".‘s Fly-before-buy represeants
a cautious approach at providing the United States with guality

defense systems at. the.lowvest cost.‘g

In 1972, the U.S. Alr Force initiated two advanced prototype

- rr-
adadal- M e TN e e | v y
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and the advanced lledium Short Takeoff and Landing Tramsport (all2(.
Tze AlST has since encountered comgressional budgeting provlems,

dut the LWF has resulted in the very promising F-15 aircrafi.

In essence, fly-vefore-buy is designed to control cost growth
by early identification of impending design prodblems and reductiozn
og technical rist by requiring demonstrated performance before
committing production dollars. In this light, fly-before-buy has
been successful. However, one significant criticism of the program--

increased development time--will be examined in Section III,

TEE PRCGRAM MANAGER

Another relaiivaly receﬁt innovation in the U.5. wearon
acquisition process is the introduction of the program manager
concept. Actually, this broad concept cannot be considered entirely
new because similar "projects® approaches were used in World Var II
and the 1950s with various missile endea.vors.15 However, receﬁt
iterations of this program hanagar idea place renewed emphasis
on a centralized'authcrity entiﬁely responsible for the project,
Tae prcgraz manager is replly the commanding officer of his prograx
and he is tasked with formulating and executing his budget witain
the approved limit. He also must forecast his long range needs and
eﬁ%ire life cycle requirements. He is the focal point and he maintains
an- overall persepective on the entire program.

when it comes to the key program decisions made at the DSARC
rhase points, it is generally the program manager who defends
his project. The aligh level decisions made by the DSARC often
"hinge on the effective, impressive and knowledgeable presentaticn

by the progran manaser."’s Certainly this centralization of

o el hbde i i ol ) TR o Gl R R O T Camdic aamieais o o SRR S




responsivility follows traditional management concepts, sut
oftentimes the program manager is not givenr authority commensu-
rate with the responsibility. Successful preogram managesrs freguently |
are those who understand the system and don't hesitate '"to intergret
rules and regulatioas in a way that will expedite their work."17 ﬂ

The program manager is often put in the unenviable position
of having to decide what new "nice to have additions" he can

incorporate into his project and what must be foregone in order

to keep costs domm and performance within constaints. i

The program manager process has resulfted in overall imprcove-

bt g el i

ment of of the total acquisition process. The success of this

innovative management concept is due in large part'to the caliber

TR

of individuals selected for these responsible positions. Some of

ST

iﬂ L the other initiatives undertaken to further strengthea this d

AT

program are: (1) carefully selecting individuals with demonstrated

cpm

ability to get things done; (2) training and indoctrinating candi-

PN

dates at the newly created Defense %eapon System Managezment Center;

(3) and leaving designated individuals in their jobs long enough

to see their projects through to completion.

N I S . T
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PIGURE 1

% 1. Threat Assessrment 8
§ 2. Mission Need - specific service selected
% 0
3 3. Research and Technology Base

a. Technological Feasibility

b. hilestoue 0

4. Conceptual Phase

a. DSARC I
$. Validation Phase
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| 7 6. Pull Scale Development

AT 1 BRI ST A R T R RIS SR
"

e e 0

a. Prototype Developed
4 & b. Contract Definition
‘ c. DSARC III
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7. Production
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THE SCVIET ERCCESS CF DESIG., PRCCUREIMENT, Alld ZRCDUCTICH

Within the Soviet Union the centralized authority for aviatica:
matters is focused in the Ministry of Aviation Industry (MaP). This
¥inistry guides virtually all research, design, development, and
ranufacturing functions. The 3inistry also produces those materials
and products essential to tae manufacture of aircrait. Despite this
centralization the various sub-functions are performed by essentially
adeinistratively separate organizations.

The sequence of steps generally seen in the Soviet acquisifion
process follows, First, a proposal for a new aircraft is put forward
by either the potential users or by the designers within the avia-
tion ministry itself. These proposals almost invariably stress

pe

evolutionary ratker than revolutionary design. -
CE;;—;;;;;I;;’;;;I;;;;—;;§\§IEEEE€Méigg;i;;ntal development
if there is as yet no potential buyer for the proposed finished
product. However, these ministry financed experimental designs
rarely go far without a potential customer. This is due to a rather
;;mited experizental budget for the ministry.1 As is the case in
the United States, requiremeats pull techrnology ig much more
popular than the technology push brand.

The second step in the process occurs vhen the proposal is
submitted to the Council of ilinisters. The Council zrovides the
overall direction requisite of the tight control and centralized
planning inherent in the Soviet eccnomy. When the Ccuncil agpreves

a proposal it i3 sent to one of the research institutles.

i " A O o
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Iha Research Institute

Research institutes perform mcst of the preliminary resesarsh
and alsc provide sténdards by which the aircraft iadustries and
the design bureaus operate. The researck iastitute is essentially
and autonomous organization; and, efficient communications across
functional boundaries are important.

Cne of the principal purroses of the research institute is
to pass data to the next stage in the process--the design bureau.
Usually these research findings are transmitted in a handbook feor
designers published primarily by The Central Aerohydrodynamics
Institute (TsSAGI); the oldest and most important aviation research
institute in the Soviet Union.3 The Avowed purpose of phis handbook
is to ke;p design bureaus abreast of the latest research results
plus constrain "designers to worik within a common, pro#en, teca-
nical codo."4 This emphasis on use of these handbcoks rroduces
rermarizable similarities in approach by differeat design bureaus.
a British writer conients on the specific merit of the system:
"As long as swept wings defy exact theoretical treatmeat and con-
sequently require ﬁrolonsed aerodynamic developmeént by trial and
error, there is much to be said for such an approach."5

The research institutes also provide information on apprcved
1lists of materials and manufacturing techniques. In reference to
cur hypothetical cast the TsAGI would likely provide specific
advice and instructions cn the project forwarded. These instructions
would be in exact terms for the project at hand. -

During this stage the research institute studies the request




and also gives vroad direction to the prcject. also at this tize

the Scientific Technical Coumxission accozplishes a critical review,

Scieatific Technical Commission
The composition of this grcup is made up of members of the
customer and production ministries. Generally they are drawn from
sénior staffs of research and user orsanizations.6 The commission's
tasz at this stage is to work out differences of opinion and deve-
lop the details and technical parameters of the project. The pre-
project, as the proposal is called at this stage, is usually

assigned to more than one design bureau for elaboration. This pre-

R g s S

project is detailed in a titled document which sets forth such

" guidance as purpoée of the aircrgft, performance characteristics,

and other specifics. .
The Scientific Technical Commission enters the process at

|
3
i
i
|
1
¥

several other key points. At various stages of development'it

reviewskthe project and offers advice, It also serves as a "source

2 SNy —

selection board."7 How the different designs meet this decision

point will be detailed later. The Commission does not muddle in

the day to day operation of the design bureaus, but it does nmalke
strategic sequential décisions~durins the process. "The continuity
of membership over the life of a project together with the prestige
and competeﬁce of the members give the Commission's decisicns an

unusual degree of authority."8 By exercising critical and pericdic

S D A R o e AN 37 o s e NS A DA Wi s, S

review the Commission functions like the DSARC,

The Desi;g Bureau
In the USSR, the design bureau is ceanter stage in the acquisi-

tion prchss.? Its ba#fc purpose is design, develormeat, azd
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construction of prototypes. This is where the principal engincer-
ing work is done.‘o The design tureaus themselves rely heavily
on research facilities. is was mentioned earlier the research
institutes provide nandbooks and special iastructicas tc the design
dureau, Cne reasorn for this reliance is the lack ¢f test and re-
search facilities at the design bureau. "The research institutes
have a.monopoly on the largest wind tunnels, test rigs, and so
on, as well as the most qualified scientists." " e design
bureaus look to the research institﬁtes for solution of prodlers
that arise and day to day guidelines on design.

%hen the pre-project is forwarded from the Scientific Tech-
nical Commission #o the design bureau a senior designer.works
out the general outlines of the aircraft based on the specifications.
The design bureau, in fact, is often named after their chief de-
signer. Well !tnown names like Aptonov, Mikoyan, Tupolev, Yakolev,
and others, are linked td the design bureaus they head. These in-
dividuals are very influential within their own bureaus in deter=in-
ing what will be produced. These designers staks their reputation
and perhaps their careers on the success or failure of their outputs.
This designer is often given great responsibility and at the same
time great latitude in matters that concern what should or should
not be developed. Even after the design is turned over to the series
p;oduction plant ultimate control of the design appears to rest in
the hands of the chief deaisner.la

At this point in the process a group of highly experienced

designers under direction of the chief designer develop a more

detailed blueprint over a several month pericd. The designers
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tasn preseat tiheir completed pre-groject to the Scientific
Teckaical Cemmissicn for consideration. In the case of fighter
aircralit the Cocammission will usually select two or meore desigms ]
for continued development.13

as the detailed design begins prcduction, engineers from
the aircraft production plants are brought intc the process.
"Tﬁey convert the preliminary drawings used for the construction ) f

of "the prototype into production drawings suitable for plant use."‘u

Production of the Prototyrpe

The work of the design bureau culminates in the construction

of a prototype. The prototype itself is built by a special ex-
rerimental plant under control of the design bureau, Although
édministered by the design bureau, the experimental plant may
be physically located as a dep;rtment of a.larse production plant.
‘Two very interesting points should be highlighted at this
stage cf the process. First, the Soviet test pilot who flies and
evaluates the prototype or early rproduction models has a notable
izpact on its development. "Pilots are said to take part in all
discussions connected with a new design. The opinions of the pilots
who fly the aircraft in routine operations are also actively
soasht."'s The test pilot has been described as "the designer's
best assistant in creating a new aircraft."‘e The second point
of interest i3 that the Soviets have long employed a similar but
pcssibly xzore efficient method of what was described in Section I

ag fly-befcre-tuy.

m-m:ém

"The concept of cocmpetition has remained as a doaminant
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force in tae (Soviet) aviation industry cver the years."
T2is competition in Zighter aircraft is usually carried throucgh
to the prctotype stage. In fact, the ratio of prototyres to pro-
duction articles generally runs two to cae in recent years.18
The historical design practices of simplicity, commonality, and
inheritance stem in part from this competition.

Time responsiveness also appears tc bear heavily on the com-
petition. Generally the aircraft "that flies first historically
has had the best chance of winning the competiticn."'’ Ia turm,
an aircraft that follows the tradition of simplicity and evolution-
ary design is likely to be the quickest off the line. This speedy
design tradition appears to have historical roots. Stalin once
remarked that the winner of design competition "will be the one who
not only gives the best fighter in terms of flight and combat quali-
ties, but also delivers firsf.."a1 In fact, it often happened that
the first aircraft to fly was chosen for production although &
later competitive model had better characteristics.22 The drive to
get a prototype into the air quickly persists today even though many
of the original motivating forces are no longer present.

In the Soviet Union no production decision is made until
£light evaluation is complete. The result has been a brcad spectrun
6} aircraft options from which they may choose the one most suited
to the operational need after the system has been evaluated in

£1light test.

Ike Production Fhase
For simplicity some further thoughts on prototype construction

will be considered. These 'points will be combined with the procuc-

tion phase. In comparison with the special experizentation plant,
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the series production plants are not speciiically linked to one
desizn oureau., novever, there ajprear to ve traditional hends tetween
a plant and 2 designer that extend over several v:lece.c'es.a2 It must
be borne in ziad that during production the designer still has a
sreat deal of authority over the plant manager on manufacturin
juestions.

As the design work progresses, production engineers from the
designated series plant are brought into the consultations. These
irdividuals will advise on such matters as their‘plant capabilities
and possible alternative approaches. At the same time these pro-
duction engineers will become familiar with the design and prepare
the production plans. then test flights are conduéted on the proto-
type, changes required will be incorporated into the production ]
design. 3

When the aircraft, together with the modified design, is
finally transferred to the series production plant, engineers from
the design bureau and the plant's manufacturing engineers who have
been advising on the design transfer to the plant., a3 Throughout
the produciion phase a design bureau representative will remain
at the factory. In turn, the series plant will often send back

suggestions for improvement to the design bureau.

.
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CCLEARATIVE CESERVATICKS O THo TC SYSTELS

ne

cr

wo systems could be made and have been mads P

(Y
ct

vwczparisoas ¢

on many cifferent levels. I have chosen only two speciiic areas I

o LRI s A= W g B O3 a5 i Ll

feel are crucial: (1) the decision making bureaucracy, and (2) de-

velopment tize.

Ihe Bureaucracy

any understanding of the acquisition process of the two ccuntries

e

zust confront the most basic assumptions of the root structure of éf//

the two gcvernments and their relations with the aircraft industries,
The Soviet siétem fauningly patronizes theirﬁgircraft industry.

In the words of the Commander in Chief of the Soviet Air Forces:

"Chairman Brezhnev personally (assures) the Air Force is constantly

receiving the most'uprto-datb_conbét'equipmentLU] For the Soviets,.

a steady strean of quality and quantity in military hardware is a
veautifully bright light irn an otherwise discouraging industrial
effort. In the words of. sovietologist Robert Perry: ''despite a
gseverely constrained economy and a muchkh’ smaller incdustrial capa-
c%ty, the Scoviet Union is decidedly competitive with the Uede in

ne

military R&D and the weaponry it generates."™ Decidedly competitivé

mdy well have defined the Soviet state of the art when iir. Perry

i Y 5 N P kil o Ak Aty o B Tl

published in 1973, Today, competitive is probably an understatement.
Cne universal asgect of any bureaucracy should be kept ia ningd

aven when.examining a system as apparently autocratic as the Soviet

cne, Regardless of how highly placed, leaders in the USSR caanot

make decisions nor degrees in a vacuum, They nmust depend on
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symdiotic relationship hetween the politicians and tizz cther elanents

The stability of leadership and conrtinuity of decisions in tke -

: USSR contrasts sharply with the "revolving door' method of changing . ;
i ;’ volitical leaders in the United States.5 Stable leadership general-

: 1& produces stable goals. Stable geals yield stable funding. For

the Soviets, "stable funding insures ideas for new weapons will be

: generated and tested." Whereas 755 of all money expended on R&D in

the USSR comes from stable fund sources; in the U.S., 75% is pro-

é vided by some sort of annual appro;:riations.6 In Mr, Arthur Alexarnder's
% words "stable budgets finance a stead& stream of new weapons.“7

g Cne specific.echelon of the Soviet bureaucracy which appears

' t0 have unique authority in tae acquisition process and has undcubt-

edly made a significant contribution to the system's success is the

design bureau chief, len like Tupolev, Mikoyan, and Antonov have

had a direct, personal, and continuing impact on aircraft models

that are sponsored by their design bureaus and bear their naze. The

S L e

United States has produced no similar institutional perscnalisz

ekcept possibly for the unique exception like C.L. (Kelly)

nd

Johnson's "skunkworks." w The program manager in the U.S. systen

has a personal impact on the development of the weapcn system, bui

i , not cn a scale approaching that of the design bureau chief. Anoctaer

R R et

critical tier of the weapon buying'bureaucracy is the uaigh level

groups who maie sequential decisions on program coantinuatica. Ia

;
:
{
;

the U.5., this authority is delegated to the Secretary of Defease,
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ais undersecretaries, and tae fcrmally ceonvened DSarC,

A

sioa. These groups ia the Soviet Union are marked by their stabiliiy
’ g Hig -
and tenure.’ In tae United States, tenure generally revclves arcund

the results cf frequeat national elections. iir. Alexander summarize

0]

tke vasic theme of american culture as a diffuse decisicn zaking
pd&er where no single authbrity has final or dominating authority.lo

Development Time
General Donn A, Starry,Commander, U.S. Army Training and Dcc-

rine Command, stated the problem with deveiopment time very clearly:

The development cycle (in the U.S.) is painfully slow. It's
slow for several reasons-slow because in cur country we insist
on competitioh at every stage of developement as well as prc-
curement. Because everything is in competition, any develorment
requires virtually starting all over again from the beginning.
we don't have a dovetailed product improvement rrogram of the
kind so characteristic of the Soviet system. Ve are slow tecause
7e have an enormous layering of bureaucracies-each cne of which
wants to rule on every stage cf every developement to an excru-
ciating degree of detail. A system like that can't function
very efficiently.li
Undersecretary. of Defense for Research and Engineering, williaxm

J . Perry, has estimated the time it takes to get ar aircraft from

full scale developﬁent to operational deployment is more than seven

years. and it is getting worse. In thé 1660s it averaged 4.5 "ears.la

s

“hile it is not possible to precisely quantify the time requirec for

a sizilar segment of the cycle in the Soviet Union, it would ke
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razler than revolutionary design. This Soviet incrementalis» dees
no¢ necessarily rroduce an infericr product either. Fcr when incre-

mentalism, or evclutionary improverent, is maintained contizuously

-

5
and for a long time it can produce substantial changes. -

ﬁ 1 - There are indications that the Scviets may also be more effici-
‘ ent ir some aspects of the acquisition prdcess. Mr. Rovert Perry
Q ; contends they seem to expend less in design manhours per pcund of

airirame and are building more prototypes. Their "development rpro-

cess requires about 4O percent fewer engineering manhours" than
for a similar aircraft in the U.S.l4 It very well may be that in _
the U.S. "equity rather than efficiency is the dominant feature."15

When comparing the two systems solely from the standpoint of

develcpment time and institutional bureaucracy, the United S%ates

T I T A R S 083

aprears to be at a significant disadvantage. However, it can't be
deniec that systems approaches and economically attractive progranms
likke fly-before-buy have recently produced some remarkable weapon
systems like the F-15, A-10, and F-16.

Ia the f£inal analysis, vhat is probably most omincus is whetier

PR TR TN Y R M T

the United States' system of buyer participation with its inaerert

rglaborate web of resulations"‘e is a buyer's luxury that can be
afforded in the threat rich and unpredictable future. Certairly
concurrent developmeat, as practiced by TPPC in the 1%60s, khad its
serious shortcomings. But, the disadvantages of concurrent develsp-

ment will have to continuously compared to the abrormally leng
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develcrzent tine inherent in cox

as seexn in ths U.S. Cne of the toughest guesticas facing delense

ainded U.3. policy malers in tas 1323Cs may well be whether cur
systex of fighter acquisition with its long lead times, required
accurate tareat prediction, and‘demonstrated perferzance gricr to
sroduction, can meet the weapon systen output'of the Scviet Unicn

with its near omnipotent military-industrial complex, its patrcn-

izing bureaucracy, and its virtually sacrosanct aircraft industry.
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