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The contents of the document are technically accurate , and
no sensitive items , detr imental  ideas , or del i ter ious
information are contained the rein .  Furthe rmore , the views
expressed in the document are those of the author and do
not necessarily ref lect  th. views of the School of Systems
and Logistics , the Air Universi ty , the United States Air
Force , or the Department of Defense .
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research question. The authors concluded that the proposed organi-
zation would be inconsistent with the requirements of the model,
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problems. This research found that the principal problem of the
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CHAPTE R 1

INTRODUCT ION

The U.S. Air Force has the largest n umber and the

greatest diversity of aircraft eng ine s of any organizat ion

in the noncommunis t world . The Air Force engine inventory

represents 38,000 jet propulsion uni ts valued in excess of

$10 billion (1975 dollars). This inventory includes turbo-

jets , turboprops , turboshaf ts, and turbofans. Over $500

m i l l ion per year is expended on engine logistics support

(29:1).

The importance and magnitude of the U.S. Air Force

investment in engines requires an e f fec tive and e f f i c i e n t

management system. The Logistics Management Institute

( 1241) in a June 1972 study,  “Method s of Acquiring and Main-

t a in ing  A i r c r a f t  Eng ines , ” stated :

Engine programs have run into difficulties; many
of them have , in the end , proven far  more costly than
their orig inal l i f e  cycle cost estima tes. Eng ine
maintenance problems have contributed to the reduction
of the availability of the weapon system. Delayed
engine developments have postponed the introduction of
new aircraft. Requirements , as defined pr ior to and
dur ing development, have often been inaccurate and
incomplete, necessitating complex budgetary adjustments ,
procurements, reallocation of personnel , and reassign-
ment of other resources [19:2-fl .

The management of Air Force jet engines is exer-

cised through a complex orqanization headed by Headquarters

1
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U.S. Air Force through the Systems Command , Logistics

Command , the Major Command s and the Air National Guard .

Figure 1 illustrates the organizational structure within

the Air Force for jet engine management (17:123).

Headquarters USA? provides policy guidance for the

management of jet engines and initiates basic Air Force

planning documents. Additionally, it moni tors the jet

engine management program and allocates funds to the

various commands on the basis of appropriations received

and priorities established .

The Air Force Systems Command (AFSC) and its prime

engineer ing division , the Aeronau tical Systems Division

(ASD), are responsible for the design , developmen t, and

acquisition of new and modified jet engines. ASD provides

the design engineering and procuremen t func tions for all

Air Force gas turbine engines. Specifically , the develop-

ment effort on engines is conducted by the Deputy for

Propulsion , ASD/YZ.

The Air Force Logistics Command (AFLC) provides

logistics support and services for Air Force organizations ,

systems , and commands. Headquarters AFLC establishes the

overall policies and procedures ~or the logistics support

and services for jet engines at the two Air Logistics

Centers (A.LC) assigned to Jet Engine Maintenance--San

Antonio ALC and Oklahoma City ALC

.2
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Fig. 1. Basic Air Force Structure for
Engine Management [17:123]

The major commands (Air Training Command , Air

Defense Command , Military Airlift Command , etc.) are the

users of the jet engines. The commands are responsible for

the day—to—day operation and maintenance of the engines.

Reporting of engine status and maintenance actions is the

responsibility of the various operating bases of the major

commands.

Superimposed on the normal line organizations for

engine management are two other groups—-the Air Force

Engine Logistics Planning Board and the Aerospace Engine

Life Committee. These groups were established by Air Force

Manual 400—1, Selective Management of Propulsion Units

(31; 32; 33) . The Air Force Logistics Planning Board acts

in an advisory capacity on matters relating to spare engine

3
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requirements. It also provides guidance to the Air Force

for developing logistics plans and for effective management

of resources. The Aerospace Engine Life Committee (AELC)

is a decision—making group that establishes engine-life

expectancies, dependability indices, base maintenance

return ra tes , maximum operating times, and removal rates

per inspection cycle as applicable. These two groups meet

periodically to discuss problems, suggest methods for

improvemen t, and exchange ideas for more efficient manage-

ment of the Air Force engine program .

This fractionalized system of managing the acquisi-

tion and suppor t of jet engines within the Air Force has

been frequently criticized . The following remarks were

extracted from recent studies:

The GAO found no evidence tha t the prac tice tra-
ditionally followed by the military services to develop
and acquire engines is the best or more cost-effective
method [26:2].

There is much misunderstanding surround ing the pro-
cess for acquiring and suppor ting jet engines. . .
As a resul t, symptoms of engine problems rather thanroot causes are frequently addressed by management
[2 9 : 2 7 8 3 .

Air Force logistics support requirsments for
engines are not well defined , or consistently defined
(28:29].

The Air Force is monitoring rather than managing
its engine acquisition process. The area is over-
studied and under-solutionized . Duplication of effort
exists. . . . Dif fe ren t  management c r i te r ia  are used
by Air Force organizations which results in management
focusing its attention on the problem of the day and
giving a suboptimized management decision [29:280].4
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As a result of numerous and continuing problems,

the acquisition and support management of jet engines has

been studied extensively. The latest effort, the Procure-

ment Management Review (PMR), which was concluded in 197 6,

had as one of its primary tasks the location and review of

the studies , papers, and reports on engine acquisition and

logistics support (29:1—1). The PMR study was able to

locate and analyze seven major engine studies within the

federal agencies from 1970 through 1974; eleven RAND

Corporation studies from 1965 through 1975; and twenty-

three on-going engine studies as of 1 December 1975. A

listing of these studies is included in the appendix .

The PMR was in itia ted by direction of the Deputy

Chief of Staff (DCS), Systems and Logistics , Headquar ters

USAF. This ten-month study had as its primary purpose

“a comprehensive review of the policies , procedures and

practices used by the Air Force in acquiring and supporting

aircraft gas turbine engines (29:7). ”

The results of this study were summarized in to

twelve major conclusions.

1. Management Decision Making Process. Air Force
decisions on eng ine matters are pr imar i ly  aimed at
achieving a real—time or near—term solution. The lack
of a common criterion for determining the “goodn ess ”
of an engine , coupled with the lack of complete and
accura te l ife cycle cost data , results in subop timized
decisions not based on total system costs.

2. Organization. The Air Force organization for
eng ine managemen t~Ts fractionalized .. Its stature is

5
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not commensurate wi th  the importance of this sub-
system. Many Air Force engine problems today ar e
management related problems .

3. Technology. Today, technology is or ien ted
toward improving engine performance ; however, there
is a discernible ef for t to consider engine reliabil ity,
maintainability and durability in early technology
programs. Management attention and resources must
continue to focus on performance technology if the
United States is to retain its world technology leader-
ship. At the same time increased attention and
resources must also be devoted to maintenance tech-
nology to reduce future operating and support costs.

4. Procurement. Air Force engine procurement
strategy is constrained by high technological and
financial  r isks and a limited number of contractors .
Numerous procurement stra tegies have been used over
time with mixed resul ts .  Un til the Air Force actual ly
demonstrates via funding and contractual requirements ,
a real desire to achieve greater reliability, main-
taina bility, durabi lity and l i f e  cycle cost visi bi lity ,
logistics economy will be slow in coming .

5. Development Process. The eng ine developmen t
process is evolving and improving . The process suffers
from time and funding constraints. State—of—the-art
engine development programs invariably experience
hardware failures and major setbacks. Engine develop—
ment usually requires abou t twice the time needed for
airframe development . If developed concurrently with
the airframe , fu l ly  developed production engines will
not be available to meet the system delivery schedule.
It appears tha t all levels in the Governme nt do not
ful ly  unders tand and/or accept the se facts concern ing
the engine development process.

6. Testing. Engine testing is being tailored to
more accurately reflect mission requirements. How-
ever, the fu l l  potential of analytical , ground, air ,
and opera tional engine testing has not been exploited .

7. Maintenance. A firm , realistic engine mainte-
nance concept is not developed early enough in the
process. The modular maintenance and on-condition
maintenance concepts have been oversimpl if ied and are
not completely understood . At present , these concepts
are not, and cannot be, implemen ted in the Air Force
as conceived . In general , maintenance is dr iven by

6
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opera tional read iness and not l i fe  cycle cost considera-
tions and its e f f i c i ency  s u f f e r s  as a consequence .

8. Logistic Sup~ort. Logistic support for engines
is driven by production and operational readiness
rather than overall or long range cost considerations.

— - Support is impaired by time and funding constraints.

9. Component Improvement Program. The purpose and
operation of the Component Improveme nt Pro gram are not
f u l l y  understood at all levels within the Government
and Industry. The Component Improvement Program , or
a similar ef for t, is necessary for time ly engine
development/maturing and operational support ; however,
Government management of the effort should be strength—
ened.

10. Contractor Performance. Engine contractors ’
performance has been a reflection of Government manage-
ment emphasis . Air Force contracts contain precisely
defined performance and schedule parame ters , and con-
tractors have performed well in these areas. In the
less emphasized areas of rel ia bil ity,  maintainability
and durability, their performanc e has no t been excep-

• tional, especial ly  when time and money con str ain ts
H have restricted development efforts.

11. Commercial-Military. There are basic differ-
ences between the commerc i~l and mili tary in en gine
developmen t and procuremen t, inventory size , miss ion ,
route s t ruc ture  and s tabi l i ty, f l y i n g  hour prc ’gram , and
maintenance practices and workforce . These must be
recognized and taken into account when assessing engine
management policies and practices. Commercial en~iine
activities are more cost oriented and the airli:ies cuve
more continuing high level attention to efficient engine
management.

12. Cost Considerations. The entire engine man age-
ment process is hampered by inadequate cost data. Cur-
rent or near-term costs outweigh life cycle costs in
most management decisions [29:2-3].

The PMR assessmen t of the curren t proce ss of

acquiring and maintaining jet engines was that “ . . . the

same troublesome cond itions . . . “ described in the Lc~ is-

tics Management Institute report tl~)) w’re 
“ . . .

_ _  ____  J



descriptive of the curren t environmen t as it was of the

s i tuat ion in June 1972 [2 9 : 8 ] . ”

The PMR made several recommendations to improve the

process of acquiring and supporting jet engines. The

principal recommendation which thi s research e f fo r t

addressed was:

An Air Staff  organiza tion wi th cor porate respons i-
bility and accountability for propulsion be established .
It would have the overall Air Force fiscal and policy
making responsibili ty for propulsion . The organiza-
tion would be the focal point for all Air Force related
propulsion activities. It would serve as a centralized
source of policy , direction , and visibility for overall
propulsion system requiremen ts, acquis ition , and
logistics support. . . . The Air Staff organization
should be of suff icient stature and have the necessary
authority to carry out these responsibilities [29:3).

Problem Statement

The existing complex and fractionalized engine

acquisition and support management structure does not pro-

vide adequate management and information control.

Analysis of Complex Sys tems

The PMR and the other previous studies indicate

that the process of acquiring and managing engines is con-

ducted within an extremely complex system. It involves:

(1) development of new engines or modifications of exis t ing

designs to meet new performance spec if ic at ions , (2) integra-

tion of engine with weapon system developmen t wi th in

critical time frames, (3) continu ing logistics suppor t over

the entire life of an engine on a world—wide basis ,

8
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(4 )  n~ nitoring and controlling equipment and systems which

are constantly entering or leaving the inventc~rv ,

• and (5) reacting to changing operational requirements and

a plethora of other variables all of which are constantly

interacting within a changing environment. This research

effort will focus on the management of complex organiza—

tions and , in particular , the USAF acquisition and support

management of jet engines.

- 

• 

Steinbruner identified the attributes of a complex

system as: Cl) power to make decisions is dispersed over

man y uni ts and/or individuals , (2) uncertainty exists

because of an imperfect correspondence between informa tion

and its env ironmen t, and (3) tradeoffs occur when decisions

are made which achieve greater returns in one area at the

expense of optiinality in other areas because of conflicting

values or goals ..(24 :16).

The understand ing of complex systems was add ressed

by Ludwig Von Bertalanffy who is credited with being the

founder of what is now called General Systems Theory (GST).

He wrote that a

. . . sys tem can be def ined as a complex of ele-
ments standing in interaction . There are general
pr inciples holding for sys tems , irrespective of the
nature of the component elements and of the relations
of forces between them [11:199].

Systems thinking is a step in the development of man ’s

approach to the study of complex phenomena which attempts

to place components in the proper perspective to one

9
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another , to study their mutual  interactions and the effect

of those interactions on the whole , as well as on the way

the whole a f f e cts and is af fec ted by its environmen t

(23:26—27).

Systems thinking differs from the more conventional

analytic method in that it emphasizes the synthesis of com-

ponents and their mutual interactions (a macro view). The

analytic approach is principally a micro view which: (1) is

preoccupied wi th the extern al or physica l portion of the

universe; (2) emphasizes the division and subsequent com-

posi tion of phenomena; (3) quantifies causal relations;

and finally , (4) establishes precision as the ultimate

ideal of every researcher (23:7).

In contrast to these analytic principles, sy stems

thinking is based on: (1) organicism , the philosophy of put-

ting the organism at the center of the conceptual scheme ;

(2) holism, viewing phenomena as organisms that exhibit

order , openness, self-regulation , and goal directiveness ,

focusing on the whole rather than on the parts; (3) modeling ,

. . . instead of breaking the whole into arbitrary
parts , one attempts to map his conception of the rea l
phenomena onto the real phenomena. This is done by
abstracting from the real phenomena those character-
istics that are relevant and by disregarding those
fea tures of the real phenomena that are not needed for
the explanation or prediction of the system ’s behav ior
123:8];

(4) understanding , realizing that life in an organism is

art on-going process and that one gains knowledge of the

10 
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whole , and further that what is observed is not rea l i ty

itself but rather the observer ’s conception of reality

(23 : 8

The movement of thinking awa y from the analytic and

towards the systems approach is more than a mere shift in

emphasis. “Systems thinking is a more meaningful  way of

looking at and approaching the study of complex phenonema

[2 3 :8 ] . ”

The application of the systems approach (paradigm)

to management can be conceived as consisting of the follow-

ing three steps : conceptualization, analysis and measure—

ment, and computerization. Conceptualization is the process

of understanding and organizing the interrelationships

among the components of an organization into a logical net-

work to reveal the direction of the organiz ation. The con-

ceptual framework is then converted into a quantitative

network (model) whereby the logical relationships are given

values. The original abstraction has now been transformed

into an econometric model. The final step in the applica-

tion of the systems approach to management is experimenta-

tion with the model over time which is referred to as

simulation (23:253—260) .

The systems approach has evolved into two major

branches , General Systems Theory (GST) and Cybernetics.

While the goals of GST and Cybernetics are similar , an

11
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understanding of comp lex organisms and organiza tions , they

do differ in methodology.

GST has its roots in the organismic conception of

biology and draws heav ily upon mathematics, physiology,  and

economics. The principle areas of study concern the

phenomena of growth and evolution . GST holds that

the pattern of growth and its intermediate
and fina l stages follow the same process, whether the
growth is of a sing le or gan ism , or a group of organi sms,
or of society itself.

GST tries to identify similarities in organisms or organi-

zations with the hope of constructing a model for explain-

ing and predict ing growth phenomena in general (23:9-12).

Cyberne tics is the scien ce of con trol and commun ica-

tion and dr aws heav ily from engineering (especially from

servo-mechanics and feedback), compu ter sciences, mathe-

ma tics , telecommunications and physiology . Whereas GST

looks at grow th and evolu tion , cybernetics is concerned

with “general princ ip les and laws by wh ich one can study

the phenome na of con trol and commun ica tion s whether in the

living or the nonliving system [23:20]. ”

Ashby , in An Introduction to Cybernetics, believed

that cybernetics offers two scientific virtues: (1) a

single vocabulary of concepts suitable for representing

diverse systems; and (2) a method for scientific treatment

of any sys tem who se “complexity is outstand ing and too

important to be ignored [6:43]. ”

12
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Management Cybernetics

Figure 2 traces the evolution of systems science

into its ma jor branches , GST and Cybernetics .  Further-

more , it i l lustra tes some of the applica tions of systems

science to the solution of managerial problems . One spe-

ci f ic  application is mana gement cybernetics which has as

a goal the application of the fundamentals of cybernetics

to the domain of management control (23:503). Studies,

in par t icular  the Procurement Management Review , of the

engine acquisi tion and suppor t process have described the

system as fractionalized , complex , and lacking in cen tral-

ized control. Therefore , mana gemen t cybernetics , which

focuses on communication and control , is an appropria te
- 

- 

approach to the analysis of the jet engine acquisition

and management process.

A management cybernetic mode l is described in

Staf ford  Beer ’s Brain of the Firm. The model is used not

only as an analogy , but more importantly to disclose the

key structure of the system under study . Beer believed

any viable system could be used as a model , but chose to

use the human body because it “is perhaps the richest and

most flexible viable system of all [7:99].”

Beer ’s generalized management cybernetic model

is composed of f ive  major  subsystems ; the lowes t three are

13
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concerned with the regulation of internal  s tabi l i ty  while

the top two maintain dynamic equi l ibr ium with the external

world and are capable of sys tem arousal and adaptation

(7:100). An illustration of Beer ’s model is provided in

Figure 3.

In the example of Figure 3 , System 1 is composed

of four operating units and each unit is responsible for

producing an output or achieving some other purpose. These

opera ting units f i l ter information from the environmen t and

amplify communication back to the environment . A similar

information loop exists between the operating units and

management. Figure 4 illustrates these relations. As an

example, an Air Force opera ting unit could be an organiz a-

tional main tenance squadron with management residing in the

squadron commander ’s office and AFM 66-1 being the manage-

ment system .

System 2 is primarily an interface between Systems

1 and 3. It provides necessary information to System 3 and

coordinates activities in all System 1 operations to pre-

vent uncontrolled oscillations between operating units.

System 3 monitors System 2 and is capable of modify—

ing System 1 structure . Art example of a s t ructural  modifi-

cation mi ght be changes required as a resul t of defic iencies

reported by higher headquarters inspections. System 3 is

the highest level of self—regulation of internal stability;

that is , it governs the stability of the internal
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environment of the organization. Additionally, it tran s-

mits higher level policy and special instructions to the

operating units .

Systems 1, 2, and 3 are established to maintain a

homeostatic internal balance and to optimize performance

within an accepted framework under established criteria

(7:230). That framework and criteria are provided by

System 4 which monitors the external environment. System 4

is also responsible for: (1) developing purpose; (2) con-

ducting research and development; (3) planning and managing

projects; (4) designing systems and measures ; and (5) pro-

viding functional expertise (14:8).

- 
— 

System 5 is the highest managerial echelon of the

firm as it is seen on an organizational chart. It is the

“brain of the firm” which defines organizational purpose

and structure (7:253).

Superimposed on the five-tiered management cyber-

netic model are three channels of communication: routine,

command , and special (14 :19) (see Figure 3).

The routine channel flow of information includes

all of the data and information required by company manage-

ment systems and procedures. The informa tion flows through

the management systems (System 1) to the operations

coordinating center (System 2) which monitors the informa-

tion and serves as an input filter on the path to the

operations management center (System 3).

18
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The command channel carries upward inform ation wh ich

informs higher mana gement whether or not an operat ing un it

is functioning within the desired levels. This channel

bypa sses System 2 which is concerned only wi th rou tine

information. Traveling downward are changes in struc-

ture required for the achievement of organiza tional pur pose .

The special communications channel carries all non—

routine information needed for special purposes or problems.

Typically, special communic ations ar e aud it repor ts, tech-

nical seminars, and consultant reviews.

Research Questions and Objectives

The jet eng ine acquisi tion and logistics support

process within the USA? has been studied extensively. As

previously indicated , one study concluded that the process

has been “ . . . over-studied and under-solutionized .
[29:280] .’ Nevertheless problems of information and con-

trol continue to exist within the system.

A recommend ation was made that an o f f i ce  be

established at the Air Staff level to provide fiscal and

policy guidance and have corporate responsibility and

accountability for propulsion (29:3).

Research Questions

1. Would the establishment of corporate level

management resolve fundamental problems identified within

the exis t ing system ?

19
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2. If such an organization is to be established ,

wha t shoul d be its scope and responsibilities?

Research Objectives

1. Determine the purpose of the engine acquisition

and support management system .

2. Describe and understand the existing system .

3. Describe and understand the management cyber-

netic model .

4. Map the existing system onto the management

cybernetic model.

5. Identify deficiencies within the existing

system using the model as a diagnostic tool.

6. Make recommendations regarding the organiza-

tional structure of the engine acquisition and support

mana gement system in accordance wi th the pr inciples of the

management cybernetic model.

Scope and Methodology

Scope of the Research

This study is limited to the first and most

important stage of the systems science paradigm—-that of

conceptualization . Conceptualization is

un derstanding and or gan izin g the interactions
among the elements making up the phenomenon under
scrutiny into a logical network of relationships in
such a way as to reveal the direction of the under-
lying structure (23:249]
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However , to appreciate and evaluate the structure

of an organization it is necessary to define its purpose.

“Structure combines the elements of the total system in a

way that will achieve purpose [14:3].”

Conceptualization permits an understanding of the

entire system. Once the structure and purpose of a system

have been defined , an understanding of a specific problem

within the system is made easier.

It cannot be overemphasized that the use of systems
science to solve managerial problems . . . proceeds
from understanding to prescribing and not the other
way around j23:247].

Managerial problems call for solu tions which af fect future

events. These events are unpredictable and the manager

must necessarily make inferences from incomplete informa-

tion. His inferences will be more realistic if he under-

stands the complete picture (23:246-247).

Chapter I , an introduction to thi s research ,

br ief ly described the existing engine acquisition and sup-

port management system and its management structure. There

followed a discussion of recent studies and criticisms of

the existing system. The concept of complexity was intro-

duced and the systems science paradigm was used to explore

complexity in organizations. The management cybernetic

model was introduced as a specific application of the sys-

tems science approach.

21 
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Chapter II is devoted to the f irs t two research

objectives which are to determine the purpo3e and describe

the existing jet engine acquisit ion and support management

system . Chapter III presents a detailed discussion of

the management cybernetic model. The existing engine

acquisition and support management system is then mapped

onto the model in Chapter IV. Chapter V concludes the

research by identif ying the deficiencies of the existing

system and making recommendations regarding the organize-

tional structure of the engine acquis ition and support

management system based on the management cybernetic mode!.

Although the scope of this research is limited to

conceptualization , which is only the f i r st step of a corn-

plete systems science analysis , it is, nevertheless , the

most important. Hopefully, this study will provide the

necessary background to allow a complete analysis at some

future opportunity .

Methodo logy of the Research

The first objective of this research was to deter-

mine the purpose of the engine acquisition and support

management system . Christopher stated that Systems 5 and

4 of the management cybernetic model , the highest levels

of mana gement, are responsible for def ining an d developing

the purpose of an organiza tion (14 :8).

22
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The investigation of the engine acquisition and

support management system has revealed that within this

system the principal operating agencies are the Deputy for

Propulsion (ASD/Yz), representing the acquisition function ,

and the Directorate of Propulsion Systems (.AFLC/LOP),

representing the support function . Therefore, personal

interviews were conducted with the Directors of these

agencies to establish the purpose of the engine acquisi-

tion and support management system .

Specific questions asked of the Deputy for Pro-

pulsion (ASD/YZ ) were as follows :

1. ASD/YZ is responsible for the acquisition of

engines , while AFLC is responsible for their support. Do

you perceive these fun ctions as par t of one system com-

prising both acquisition and support?

2. What would you perceive to be the purpose of

an engine system which includes the func tions of both

acquisition and support?

3. What do you perceive as the purpose of your

organization (ASD/YZ)?

Specific questions asked of the Director of Pro-

pulsion Systems (AFLC/LOP ) were as follows:

1. ASD/YZ is responsible for the acquisition of

engines , while AFLC is responsible for their support. Do

you perceive these fun ctions as part of one system com-

prising both acquisition and support?

23
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2. What would you perceive to be the purpose of

an engine system which includes the functions of both

acquisition and support?

3. Wha t do you perceive as the purpose of your

organization (AFLC/LOP)?

The answers to the above questions will establish

the apparent purpose of the engine acquisition and support

¶ management system , which is the first objective of this

research effort.

To achieve the second objective of this study , a

description of the existing system , the primary source of

information was the Procurement Management Review (PMR)

study concluded in 1976. The PMR had as its primary pur-

pose “A comprehensive review of the policies, procedures ,

- 
- and practices used by the Air Force in acquiring and sup-

porting aircraft gas turbine engines [29:7].” The PMR ,

consequently ,  has an exhaustive descr iption of the acquisi-

tion and support management system as of 1976. This study

extracted from the PMR that information necessary to allow

a current description of the system .

However , since the conclusion of the PMR , there

have been changes to the system . For example , a new organi-

za tion has been created , the Air Force Acquisition Logis-

tics Division (AFALD ) within AFLC. Its primary purpose is

to drive down the costs of owning and operating Air Force

weapons systems. AFALD fills a void between the “designers ”

24
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(AFSC), the “users” (Air Force Operational Commands) , and

the “maintainers ” (AFLC) (3:2) -

Therefore, the PMR was supplemented with a dis-

cussion of the current system elements and their functional

relationships. Interviews were conducted ~iith the

Directors of key agencies of the acquisition and support

management system to determine the functiona l re lat ion-

ships between these organizations, how the system functions ,

wher e decisions are made , and how information flows. These

key agencies are Director of Propulsion Logistics (AFALD/

SDD), Deputy for Propulsion (ASD/Y Z), and Director of

Propulsion Systems (AFLC/LOP).

Specific questions asked of the Director of Pro-

pulsion Logistics (AFALD/SDD ) were as follows:

1. How do you determine the logistics requirements

that are to be considered by ASD on USAF propulsion engines?

2. What assurance is there that ASD will accept

and act on these inputs?

3. How are differences in ASD acquisition require-

ments and AFLC support requirements reconciled?

4. Who has the final decision as to what logistics

considerations will be included or considered in the

acquisition phase of USAF propulsion engines?

5. What is the functional relationship between

AFALD/SDD and AFLC/LOP?
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Specific questions asked of the Deputy for Pro-

-
- 

. 
pulsion (ASD/YZ1 were as follows :

1. How were logistics considerations incorporated

into the acquisition process prior to AFALD?

2. How has the creation of AFALD changed this

process?

3. How are -conflicts or differences between ASD

acquisition requirements and AFLC support requirements

reconciled?

4. What measures of performance have been estab-

lished for ASD/YZ and what control systems are in effect

to assure that the required level of performance is

obtained ?

Specific questions asked of the Director of Pro-

pulsion Systems (AFLC/LOP) were as follows:

1. How do your logistics requirements reach

ASD/YZ on new engine development and what assurances do

you have that your inputs will be considered?

2. What measures of performance have been estab-

lished for AFLC/LOP and what control systems are in effect

to assure that the required level of performance is

obtained ?

3. What are your responsibilities to AFALD/SDD?

4. What do you perceive to be the responsibilities

of AF1~LD/SDD to AFLC L 0P . ’
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The third objective of this research , a detailed

description of the management cybernetic model , was

obtained through the reading of pertinent literature on

management cybernetics , principally that of Stafford Beer .

Some of the books reviewed were: Brain of the Firm (7),

Designing Freedom (10), Decision and Con trol (9), Cyber-

netics and Management (8), and Management Systems (23).

The model in Brain of the Firm is comprised of five sub-

systems and three information networks. Each of these

subsys tems and information network s is d iscussed in detail

as to what it does , how it fits into the model , and what

its functional relationship is with respect to the other

subsystems.

Wi th a thorough understand ing of the man agemen t

cybernetic model the fourth research objective , mapping

of the exis ting sys tem on to the model, was achieved by

iden t i fy ing and positioning on the cybernetic model the

ind ividual , group , committee , or system tha t performs each

of the requ isite func tions o f the engine system . The

validity of the model was accepted based on the research

of Stafford Beer and William F. Christopher .

Having mapped the existing system onto the manage-

ment cybernetic model , the fifth and sixth research objec-

tives , identifying deficiencies and making recon~iendations

regarding the organizational structure , were accomplished .

The deficiencies and recommendations presented are based

~ 
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on the au thors ’ interpretations of how the existing engine

acquisition and support management system compares to the

management cybernetic model.

28

~—~~~~ — ——— —— - -—- 
•_ i ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ - -----— -—-—— 

- 
— - — — 

- —



__ __  - -  ___  - -  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  __

C HAPTER II

THE STRUCT URE OF THE USAF AIRCRAFT ENG INE
ACQUISITION AND SUPPORT MANAGEMENT SYSTEM

Chapter I introduced the jet engine acquis i t ion and

support management system, hereaf ter  called the engine

system . This complex organization is directed by several

Headquarters USAF offices . The offices serve as policy

d irectors for :  acquis it ion (Air Force Sys tems Comman d),

support (Air Force Logistics Command ), and operating

commands (SAC, TAC , etc.) of jet engines. This chapter

is devoted to a detailed description of this engine system .

Because of the complexi ty of the total system , any attempt

at a comprehensive review would be both excessively volumi-

nous and , more impor tan tly, repetitious of many exce llen t

studies) This description of the eng ine system focuses

on the major system components and their functional rela-

tionships , as well as the end ogenous and exogenou s con-

straints.

A Description of the Eng ine System

One of the recognized ways to understand any system

is to model its behavior or operation . A descriptive model

partial listing of both completed and on-going
studies is contained in the appendix to this study.
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is made up of system components, their functional rela—

tionships , and the constraints acting on the system .

Presen t DOD policy requires that every new ma jor weapon

system be subjected to an orderly progression of key pro-

gram decision milestones from its concep tual formula tion

to its final operational deployment and logistic support

(37; 38). This “l i fe  cycle ” of a weapon system is divided

into five phases: (1) Conceptual, (2) Validation , (3) Full

Scale Development, (4) Production/Deployment , and ( 5)  Opera-

tional/Support (16:6).

Within each phase of any new weapon system , the

constraints and functional relationships change as the vari-

ous components become more or less involved in the system ’s

development or support. The five phases of the weapon

systems acquisition process have been used as a basis for

developing a descriptive model of the engine system because

any description of the system as operating solely within

one phase could not generate an understanding of the system

through its life cycle.2

The Conceptual Phase

Overview. The life cycle of a weapon system is

initiated by an AF/DOD analysis of the need to fulfill a

2The Procurement Management Review (29) has done
an outstanding job in describing the then existing acquisi-
tion and support system for jet propuls ion un i ts an d was
used extens ive ly  for the fol lowing d iscuss ion .
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required operational objective . The prime concern being

the actual need for a new weapon system. To justif y this

acquisition either the new weapon system mus t do a job

significantly better than the system in use , or a new

defense need has been generated . Following justification

and overall weapon systems performance requirements, an

analysis is made to determine the engine characteristics

necessary to meet these requirements.

Technology. Technology has been the prime means

of achieving better system performance through improving

the characteristics, as well as processes in forming and

fabrication of materials. Considerations regarding

materials have typically been thrust to weight and ma terial

durability. The Air Force Aero Propulsion Laboratory

(AFAPL) monitors the effort in engine component advancement

principally through two programs: The Advanced Turbine

Engine Gas Generator (ATEGG} Program and the Aircraft Pro-

pulsion System Integration (APSI ) Prog ram.

While located at engine manufac turing plants ,

ATEGG is monitored by AFAPL. This continuing program

allows engine contractors to concentrate their resources

on a given section of an engine. This advanced techno-

logical program is procured under a cost p lus f ixed fee

contract.
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The APSI program is a joint venture of Aero Pro-

pulsion Laboratory and the Air Force Flight Dynamics Labora-

tory. The two labs try to achieve greater sophistication

in ma tching engines to airframe . Continuous studies are

made to explore the impact of air f rame , engine , and ins tal-

lation changes on the overall system (29:47).

Required Operational Capabili~ y. In the conceptual

phase , almos t all of the program e f f o r t is d irected toward

the weapon system and its capabilities. The need for such

systems is recorded by all Air Force Major Commands in a

document titled Required Operationa l Capability (ROC). An

ROC is formu lated join tly by organiz ations respons ible for

Operations and Requirements at a Major Command Headquarters.

The ROCs from all Major Command Headquarters are system-

atically reviewed and assigned priorities at HQ USAF . It

then becomes the responsibility of the Deputy for Develop—

men t Planning at ASD to design system concepts to satisfy

those ROC 5 requir ing new systems.

The ROC is used to

identi fy  an opera tiona l need and to request
need or improved capabi l i ty  for the operat ing forces.
The capability sought is described in terms of opera-
tional objectives, operational env ironmen t, support
and maintenance concepts , and concept of operations
(30:2]

A Maintena nce Concept appears in the appendix to

the ROC and is the responsibility of the logistics and main-

tenance organizations at the Major Command Headquarters.
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The importance of this ROC maintenance concept is to define

the basic maintainability requirements of the using com-

mands. The maintenance concepts, like the ROC, are system

oriented. Parameters for reliability or performance are

specified for each system (18:2—3).

It is important to note that engine manufacturers

believe that maintenance reliability and durability of an

engine are determined primarily in the conceptual phase and

the early portion of the validation phase , when the basic

engine design is established . This stresses the importance

of the maintenance concept in the ROC.

If the maintenance concept for the engine is not
clearly specified in the ROC, it will be lef t to the
technicians in AFSC, working in conjunction with engine
manufacturers. Their interests may not coincide with
those of the user or AFLC [29:39] .

It is generally recognized that there are few

improvements that can be made during the full scale develop- ! -

ment and later l i fe  cycle phases to drastically alter the

reliability and maintainabi l i ty  levels that have been

designed into an engine.

Procurement. Generally,  no major procurement

events related solely to engines occur during the conceptual

phase. The Air Force at this time is concerned with the

total system and is dealing mainly with the airframe manu-

facturers.
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The Validation Phase

Overview. During the conceptual phase , a series of

iterations are performed in order to evaluate potential

capabilities of a proposed system. These itera tions con-

tinue until a decision is made that the proposed system

either satisfies a need and has sufficient potential to

justi fy  formal system development, or it is not worth

further effort.

The validation phase begins with the decision to

explore further development of a new weapon system. The

System Program Office (SPO) is normally established during

the conceptual phase and provides the con tinuity needed

f or the transition into the validation phase.

The prime purpose of the validation phase is to

select the system and contractors for the development

effort. The range of strategies to accomplish this selec-

tion may vary from merely selecting a sole source develop-

ment contractor , to a major competition including a full

f l y — o f f  between competitors.

Technology. The demonstration of technology plays

a major part in the validation phase. Risks associated

with new technology and the potential benef its to be gained

are evaluated.

Engine components incorporating new technology must

be evaluated for performance potential during this phase.
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The APSI/ATEGG programs initiated during the conceptual

stages are normally two or more years old by the beginning

of the validation phase . The government managers of these

programs serve as expert advisors in the advanced technology

area throughout the validation phase.

Role of Performance. Performance has traditionally

been the paramount factor considered in the validation

phase. Logistic characteristics of new engines such as

maintainability , durab ility, and reliability might be con-

sidered , but performance characteristics are overriding .

Efforts to include life cycle costing as part of the vali-

dation phase are now being implemented by including engine

requirements such as reliability and durability. Neverthe-

less , performance and cost are the main f actor s considered

during the validation phase , par tia lly  because they can

be easily measured and verified (29:50—51).

AFSC/AFLC/Contractor Interface. AFLC representa-

tives become more active in the validation phase of the

system ’s l i f e  cycle and are inc luded in the Source Selec-

tion Committee (SSC). However , the Air Force Systems

Command (AFSC ) is responsible for the actions of the SSC

and provides most of the man power .

The interface between engine and air frame con tra c-

tors is very close during th is phase . The con trac tor s

coordinate changes in airframe which impact on the engine .
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Possible engine improvements to offset these changes or

increase system performance are evalua ted by the engine

contractor.

Procurement. Major procurement strategy decisions

are made during this phase. Program characteristics are

refined and validated to achieve minimal risk . Engine

development is the responsibility of the Depu ty for Pro-

pulsion (ASD/YZ), with the overall responsibi lity f or the

entire weapon system residing within the System Program

Office (SPO).

Throughout the validation phase , system character-

istics , perform an ce , cost, and schedule are validated and

ref ined through extensive studies, analysis and/or proto-

type testing. The engine manufacturers submit data on

available technology and their assessment of the risks

involved. Based on analysis of the Air Force and manu-

facturers ’ data , general eng ine specifications or operating

parameters are established . These specifications are put

into a Request For Proposal (REP ) asking for a preliminary

design , a hardware development, or a prototype engine.

The competing contractors ’ designs and/or hardware are

evaluated and the Source Selection Authority (SSA) then

selects the competitor who will develop arid produce the

engine.
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The engine contracting organization negotiates

contracts, usually cost plus fixed fee (CPFF)., with the com-

peting contractors during the source select ion process .

These contracts are drawn up as though each of the compe ti-

tors will win. Once negotiations are completed , the con-

tracts are signed by the contractors and held by the

government pending the outcome of the source selection. At

this time, the selected contract is executed , while the

rest are discarded .

The negotiation of these contracts prior to source

selection takes advatitage of the existing competitive situ-

ation and provides for additional concessions from the

engine contractors. However , the consequences of this

maneuvering could result in an engine that can ’t be produced

at the quoted price or within the specified time , as well as

lowering per cormance requirements to permit acceptance and

delivery of the engine (15:3-6).

The fu l l  scale development phase nor~ ally becrins

with execution of the contract. These contracts provide

for full scale development of the en~ ine and usual ly  con-

tain options for production engines. The Full Scale Develop-

ment (FSD) contracts are usually CPIF wi t i Fixed Price

Incentive (FPI) arrangements for the pro~uctic’n options .
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The Full Scale Development Phase

Overvie.~~ A ratification decision b’ the Secretary

of Def ense is required prior to commitment of resources to

Full Scale Engineering Development of a new weapon system .

Although the readiness of the weapon system to enter full

scale development (FSD ) and the operational need for the

system were reaffirmed during the validation phase , DOD

Directive 5000.26 prescribes additional determinations

before the ratification decision is given . These other

determinations include consideration of system trade-of fs;

quantity, resource, and scheduling realism ; reduction of

major uncertainties and risks to acceptable levelE; cost—

effectiveness of the proposed system; establishment of

valid design to cost goals; identification of the approach

for major subsystems; satisfactory testing and evaluation ,

as well as a sound future program ; and the acquisition

strategy , including contract type , is consistent with

program characteristics and risk (36:5—6).

Trade-offs. The two areas where major trade-offs

occur durin g this phase are engine vs : ai r f rame and per-

formance vs: support.

The developmen t of the engine requires a longer

lead time and more critical milestones than the airframe

development. Nevertheless , it is the airframe schedule

which is given high visibility and , therefore , appears to be
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the p ac inq  schedule for  the weapon system . What usua l l y

happens is engine  development  pr eqr ams ar e t a i l o re d  to

meet time c o n s t r a i n ts  of the a i r i r a n i c . Thi s may r esu l t  i n

the Air Force accepting an engine which has not been fufly

deve l oped (29:77).

Performance and support  t u~kh - - o f f s  occur when a

decision is made to at t a i n  speci l i ed  enq i ne p er f o r m a n ce ,

or to d i m i n i s h  th i s  performance  to accommodat e  h iqhc r

rates  of r e l i a b i l i t y  and m a i n ten an c e .

Test  and E va l u a t i o n .  The e n g i n e  i s  required to

pass speci f i c  t e s t s  d u r i ng  the FSI) phase.  P r e l im i n a r y

F l iqh t  Ra t- i ng Test (P E RT ) and Q ua l i  f i c ~i t  i e n  Test  (aT ) ~
-ire

the m aj o r  enq ine  t e s t~~nq tnilestcrnes.

The PERT series , which determines the s a f e t y  and

ac c e p tab i l i t y  of the  e n g i n e  for  use in e x per i m e n ta l  f i  i—i h t

t o st in~-i,  l a s t s  f rom e igh t een  to t h i r t y  m o nt h s .  I f  the

e n qi ne  passes t h i s  ser ies  , i t  then  mus t  cc t h r c t iqh  the QT

scrics.  The c n t i r( ’ series of both tes t s  n o r m a l l y r eq u i r e

t h i r t y — s i x  to f or t y — e i ~ih t  mon ths  to comp l e t e . A l t e r  pass—

inq both ser ie s , the cnq ine  is cons idered  to he su j tabl e

f o r  p r o d u ct i en  and use .

Procurement .  flurinci the  ESI) ph a se , the engine and

al l  support i tem s are  dcsicned  , f a hr  icat ed , and t e s t  ed to

y ie ld a p r e pr o d n c t  i o f l  enc m e  t h a t  ci osc’ l y app i ex i mat e~; the

f i n a l  p rc~l t t ~~~t i on  d esign . Procurement st r a t  e~~y is set

‘I 
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before the engine program reaches this phase , thus a Cost

Plus Incentive Fee type contract with  specific provisions

wi l l  most likely be used to procure eng ine development .

The risks encountered during this phase make this type of

contract acceptable to both the Air Force and the con-

tractor (29:93). .

Organization. The Full scale Development Phase of

the cycle is a time where more organizations become

actively involved in the process . The SPO cadre rapidly

increases its manning and AFLC increases activity by man-

ning the Integrated Logistic Support (ILS) Office . Repre-

sentatives from the ALCs, designated as System Manager and

Item Managers for major subsyste~ns , are assigned to the ILS

Office. Additionally , representatives from the Major Corn—

mands which will receive the system are assigned to work

with the SPa. These representatives monitor the system

development progress and aid in f u t u r e  p lanning  for  the day

when the system becomes operational.

Cost Considerations. The majority of the engine

developmen t costs up to QT are expended in the FSD phase .

Various stud ies estimate that nearly 2~ percent of the life

cycle cost of an engine is expended in the development pro-

cess up through QT. Other study efforts indicate that 95

percent of the total life cycle cost will be defined by the

system decisions made by the end of the FSD phase. This
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being the case, the considerations given to engine costs

in the conceptual , validation , and FSD phases vitall y affect

the total costs incurred by the Air Force (20:14—19).

The Production/Deploymen t Phase

Overview. A production decision by the Secretary

of Defen se is required prior to commi tment of resources

to final production of a new weapon system. During the

Full Scale Development phase the weapon system has proven

its read iness for production , DOD Directive 5000.26

required factors are determined, and the production decision

is made. Once these system decisions are made , the engine

enters the production phase. In this phase, the engine ,

spare parts , and other anc illary equipment are produced

for operational use.

Procurement. Although the actual purchase of the

production engines , Aerospace Ground Equipment (AGE), test

equipment, data and spare par ts required to support the

engine occurs in the Production/Deploymen t phase , their

procurement occurred in the FSD phase through production

options attached to the FSD contract. This is the initial

production contract .

Additional follow—on contracts are negotiated prior

to the exercise or expiration of the final production option

on the FSD contract to maintain continuity. A follow-on

con trac t prov ides a f i rm f ixed price (FFP) dur ing its
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initial year , with annual renegotiations for the remainder

of the contract period . This arrangement is frequently

cited as being unique to engine procurement (29:105).

The primary difference between engine and most air-

— fram e con tracts is timing . Price is redetermined annua l ly

on the engine con tract while system contracts are normally

redetermined at the completion of the con tr act period ,

which may be in excess of f ive years.  This results in a

moderate price readjustment being made to an engine program

annual ly  and a major readjustmen t being made to a system

contract at the end of the contract period .

Spare Engines. Headquarters AFLC has the responsi-

bi l i ty of computing spare engine requ irement quan tities

which are needed to fill base and depot supply pipelines.

These requirements are forwarded to AFSC/ASD for funding .

Approximately 30 percent of engine production is used to

fill supply pipelines (29:109).

Trade-off s. Modern weapon systems are very com-

plex , thus providing many alternatives for solutions to

specific problems encountered in developmen t, man u f a c ture ,

and operation . These alterations usually result in trade—

offs. The most frequent trade—offs are engine vs: airframe

and performance vs: support .

Most major trade—offs between engine and airframe

are made prior to the production phase. However , exposure
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to extremes of the operat ing environment may resul t in

unexpected engine/airframe characteristics requiring

further trade—off decisions. Typical problems resulting

from exposure to the environment are: insufficient engine

thrust , excessive airframe drag , system weight above

design , or any combination of these factors.

The trade-off decision tends to be for the option

involving the least time and Cost: modify the system design

causing the problem , or modif y the engine to increase power

to overcome design problems . System redesign normally

occur s wi th minor def ic ienc ies , whereas engine modifica—

tion occurs when there are signi f i cant shortfa lls in the

system performance (29:128-130)

Unexpected problems in logistic support of engine

componen ts may require a decision to change or mod if y

operating characteristics of the aircraft , or to redesign

components showing lower than anti . ipated mean time between

failure rates. A trade—off example would be the decision

to lower power settings for takeoff and climb to altitude

to compensate for higher f a i lu re  ra tes wi thin the engine

plant. The issues revolve around the most acceptable

balance between performance and maintenance cost.

O r g a n i z at i o n .  The pr imary emphasis dur ing  th is

phase is the transf er of responsib i lity  from AFSC to AFLC’.
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According to Air Force Regulation 800—4 , this t ransfer  is

to be done at the earliest practical date durin g the produc-

tion phase (35).

The system and item manager s’ responsibilities

increase in preparing for receipt of the new weapon system

to their command . With this increased activity, there is a

reciprocal decline in SPO manning and activity.

The Operational/Support Phase

Overview. The operational,’support phase overlaps

the production/deployment phase. The forma l breakpo int

between the two phases occurs at the transfer of program

management responsibility (PMRT). However , AFLC activities

actually begin during the production/deployment phase in

producing spare parts , collecting usage data , overhaul ing

engines and correcting service problems. The operational!

support phase extends throughou t the l i fe  of the engine

to its dispositicn.

Organization. During the operational/support

phase the number of organiz ations providing ma intenance

support of aircraft engines reaches its peak. Since PMRT

has no t usually occurred until well in to the phase , the

SPO personnel con tinue to work on engineering and Component

Impr~vement Programs (CIP). The Air Force Manual 400—1 ,

“Logistics: Selective Management of Propulsion Units ,”
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Volume I, “Policy and Guidance ,” outlines 1.FLC’s major

areas of responsibility (31:3—1 to 3—4).

The Air Force Logistics Command (AFLC) is charged

with the overall management of aircraft engines after PMRT.

There are two A ir Logistics Centers (ALC). performing all

depot level maintenance, San Antonio ALC and Oklahoma City

ALC . At Headquarters AFLC, Wright-Patterson AFB , Ohio ,

the Directora te of Propulsion Sys tems (AFLC/LOP) serves

as the focal point for engine mana gement by providing plans ,

policies, and procedures necessary to accomplish this over-

all management function .

Additionally, some of the Air Force engine manage-

ment is done by committees attempting to straddle diverse

functions to fa cilitate the responsibility transfer  from

Systems Command to Logistics Comma nd , as well as trans-

fer r ing technological information on the not yet fu l ly

matured engine. Four of the more significant committees are

the Engine Advisory Group (EAG), the Propuls ion Review

Board (PRB), the Aerospace Engine Life (AEL) Committee , and

the Air Force Engine Logistics Planning Board (ELPB).

The Engine Advisory Group (EAG) is an ASD/Air Force

Aero Propulsion Laboratory (AFAPL) teajn,whose purpose is to

formulate , evaluate, integrate and coordinate the plan s

and progr ams necessary for the con tinua tion of development

and improvement efforts on propulsion units . While

chaired by ASD, representatives from the supporting Air

45

~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- - -r~~•- ~~~~~~~~~ --



_ _

Logistics Center, AFLC/LOP and the Arno ld Engineer ing

Development Center are also members (1:1-4).

The Propulsion Review Board (PRB) , co—chaired by

ASD and AFAPL , includes representatives from AFLC . Pro-

viding an assessment of the qua l i ty ,  quant i ty ,  and schedu-

ling of development programs , this Board determines if an
- - engine is ready to move to the next step in its development

process (2).

The USAF Aerospace Engine Li fe  (AEL ) Committee

- 

- 
establishes forecasting factors for the supportability of

engines. It is chaired by the Director of Propulsion

Management (AFLC/LOP ) and meets semi-annually to derive

dependability indices, base ma intenance return rates and

engine life expectancies (31:2—2).

The A ir Force Engine Logistic Plann ing Board

(ELPB) is similar in composition and chairmanship to the

AEL . It meets, as necessary, at the discretion of the

chairman

to establish policy and guidance on matters
relating to ma nagement of eng ines and related equ ip-
ment. . . . It provides logistics guidance to Air
Force activi ties for use in develop ing logistics plans
and in e f fec t ive ly  managing Air Force resources [31:
2—1] .

Spare Engines. AFLC determines spare engine require-

ments prior to and during the production phase. During the

operational phase , it must  support all  installed and spare
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engines to insure that the using commands are capable of

meeting their operational commitments.

Within the early operational phase , problems with

durability and/or reliability of engines result in the

greatest demand for spare engines. Typically, this high

demand occurs during the first five to eight years of the

operational phase. As the engine matures, the requir ements

for spare eng ines normally decrease ( 34 : l— 5 ) . .

Replenishment. Throughout the o~ ~ itional/support

phase all spare parts required to support engines must be

procured and on hand. The Air Logistic Center s are

responsible for maintaining an adequate inventory of spare

engine parts for the l ife of the engine.

Maintenance. A generalized engine maintenance

concept is developed and prepared during the conceptual

phase of the acquisition process. This concept later

becomes the design guide in the development phase for the

required maintenance characteristics. The maintenance con-

cept is refined and evaluated through the FSD phase ; as the

engine enters production and operation , the maintenance

concept is finalized.

Jet engine maintenance is conducted at three differ-

ent levels; depot, intermediate , and organizational. Depot

level maintenance is conducted at two Air Logistic Centers.

Each ALC has the capability for complete engine overhaul
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which includes disassembl y, inspection , repair , and fu l l

scale testing of the basic engine . Jet engine intermedi-

ate maintenance (JEIM1 entails both scheduled and unsched-

uled maintenance activities performed within the base

engine shop . Normally, when there is a limited number of

installed engines or when the base facilities are constrained

by the level of authorized disassembly, a consolidated JEIM

shop is established to service these bases. This consoli-

dated JEIM facility is called a “Queen Bee.” Finally,

organizational maintenance includes engine inspections and

servicing , as well as the rep lacement of minor componen ts

and accessories.

The Component Improvement Program (C I? ). The

purpose of the CIP is to obtain engine improvements through

contracted engineering support. The type work performed is

directed principally toward developing repair procedures.

Additionally, the CIP is used to eliminate safety of flight

problem s, resolve service—revealed deficiencies, maintain

specification performance and reduce logistics suppor t

costs (5).

Cost Considerations. One of the conclusions

reached by the PMR study group was that “the entire engine-

managemen t proce ss is hampered by inadequa te cost data.

. “ The study found the greatest de ficiencies in cost

data during the operational/support phase. The reason was
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found in the plethora of data collection systems resulting

in piecemeal eng ine cost data , with no single data collec-

tion system capable of providing a total cost picture.

Air Force engine cost data is inadequate for deter-
mining engine l i fe  cycle costs. It most certainly is
inadequate as a tool for  making day—to-day life cycle
cost decisions 129:180]

Generally , Air Force management is performance and

mission oriented; cost is not the prime consideration .

Examples being : depot managers are evaluated on how well

they meet engine production schedules; managers at the

base level are concerned with generating the engines

required to support scheduled a i rcraf t  sorties; and procure-

ment managers are evaluated on the timeliness of the con—

tract generating process. Therefore , engine management

tends to be quite fragmented and the supporting data col-

lection systems reflect this fragmented structure.

Some Recent Changes to the System

Since the completion of the PMR in late 1975, two

significant changes a f fec t ing  the eng ine community have

occurred. The first was the creation of the Deputy for

Propulsion (ASD/YZ ) and the second was the establishment

of the Air Force Acquisition Logistics Division (AFALD )

within AFLC.

With the cr eation of the Depu ty for Propulsion , all

procurement and production fun ctions ar e now conduc ted

within a single office . Previously, the major System
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Program -Offices (SPOs) were encouraged to procure their

own engines as part of their primary responsibilities as a

“Super—SPO ”; an engine SPO was used to procure all other

engines.

The new Deputy for Propulsion within ASD operates

through Joint Engine Program Offices (JEPO), which reflect

the current major engine acquisition programs. There are

presently three such JEPO5; TF34 , FlOO , and Fl07. These

JEPOs are staffed (Tnatrixed ) by personnel from the ASD

Directorates of Program Control, Procurement and Manu-

facturing , and Engineering and Testing, as well as from the

AFALD Dir ectora te of Propulsion Logistics.

Due to the increased costs of supporting new weapon

systems, the Air Force Acquisition Logistics Division

(AF ALD ) was established in July, 1976. This new organiza—

tion was charged with the responsibil i ty of “dr iving down

the costs of owning and operating Air Force weapon systems

[3:1] .”

AFALD was established to provide a greater degree
of logistics unity to achieve the maximum reduction
of major weapon systems life-cycle costs. The divi-
sion improves the interchdnge of informat ion between
AFLC and Air Force Systems Command (AFSC), particularly
the flow of feedback data from Air Force combat corn—
mands using the systems [27:1] .

The Deputy for Acquisition Programs (AFALD/SD) is

the focal point for major weapon system acquisition manage-

ment. This office is responsible for integrating all

logistic e f f o r t s  of the AFALD into common goals and
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obj ectives in support of each SPO. The responsibility

— for propulsion log istics is carried out by the Deputy for

Propulsion Logistics (AFALD/SDD). AFALD/SDD is co—located

(matrix ed) within the JEPOs of ASD/YZ and is recognized as

ASD/YZL within the Propulsion SPO (4).

Purpose of the System: Desired and Actual

Investigation of the system has revealed two dis-

tinct purposes; desired and actual . The desired purpose

is to obtain the most advanced and best performing engines

within the constraints of time , technology and lowest l i fe

cycle cost.

The actual purpose is to obtain the best perform—

ing engines within the constraints of time, technology and

acquisition costs. Life cycle costing and other logistic

considerations ar e factors in the decisions made dur ing the

development phase of the engine ; nevertheless, performance

is the overriding consideration .

Experience has shown tha t the more advanced the
technology used in an engine , the more likely that
logistics problems will be encountered in the field .
Although most designers recognize this basic fact  of
l i fe , logistics considerations do not determine the
choice of technology. The selection of engine tech-
nology is based a lmost exclu sively upon two factors;
the increased system performance that  can be achieved ,
and the probability that the required technology c&n
be successfully incorporated into the proposed engine ,
within the system ’s cost and time constraints 129:41]
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CHAPTER III

THE MANAGEME NT CYBERNETIC MODEL

The Introduction, Chapter I , provided a brief

description of the management cybernetic model. This

chapter expands on that description and provides a more

detailed explanation of the model. In addition , rat ionale

for the development of the model is provided and appropri-

ate examples of the m’del subsystems within Air Force

organizations are presented .

It was stated earlier that one of the virtues of

cybernetics is “that it o f f e r s  a method for  the scient i f ic

treatment of the system in which complexity is outs tanding

and too important to be ignored [6 : 4 3 ] .” S ta f ford  Beer

refers to these systems as “unth inkable  systems ” in the

sense that they are real ly too complex to fathom ( 7 : 6 7 )

The tremendous complexity in today ’ s organizat ions, coupled

with the accelerating rates of change , have reached the

point wher e knowledge of

how to run compani es, how to organ ize them ,
how to service them , how to do anything at all in
government or business is just not known any longer.
Both knowledge and experience seem to have run out
( 7 : 2 8 ]

Beer (7), Christopher ( 1 4 ) ,  Steinbruner ( 2 4 ) ,  and

others believe that what is required today is clearly a
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new model of o r g a n i zat i o n s  or any comp lex system ; the

o rgan i za t i ona l char t s  which we have always used are no

longer s u f f i c i e n t .  Mathemat ica l , an a l y t i c a l , a n d me n t a l

models are inadequate when applied to complex systems and ,

therefore , are unable  to meet our needs. What  is needed

is a model of viable systems which can continuously adapt

to the changing environment no matter what causes the

change , unless it is a compicte destruction of the system .

It is against this background that Beer developed his

management cybernetic model.

The Model as a Replication of the
Human Nervous System

Because of its exceedingly complex desi gn , Beer

chose the human nervous system to model complex organiza-

tions.  The human bod y is confronted  by both in t e rna l  and

external stimuli requiring varying levels of functional

responses . The many c o n fl i c t in q  demands on the body are

resolved qu ick ly  and smoothly,  i l l o w in c i  the  or gan i sm to

operate e f f i c i e n t l y .  This  is possible  because

Most of the control is intrinsic in that “senior
management ,” conscious cerebration itself , does not
and in most senses cannot concern itself with the
biochemical or electrical details (7:115).

When the body requires rest , it can be obtained , yet when —

violent ac t ion i~ urgently ncedt~d , the human body can

respond i m m e d i a t e l y .  As Beer w r o t e ,

- . - su re ly  t h i s  is ciood management p a r  ex c e l —
let-too . . . . It ~uoht to he succe ssfu l , . . . it is
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the fruit of several millions year s of research and
development [7:115].

As indicated earlier , the management cybernetic

model is composed of five subsystems arranged in a hierarchy.

Systems 4 and 5 can be thought of as the volitional con-

trol , while Systems 1, 2, and 3 form the autonomic control

system. When one speaks of autonomy in the human body or

an organiza tion , autonomy refer s to the bran ch or func tion

which is responsible for its own regulation .

The autonomic function is essential for maintenance

r of a stable internal environment . In the human body,  a

change in the ambient tempera ture may so a f fec t the body

that the internal controls react automatically.  Regardless

of the cause of the change in the ambient tempera ture, the

autonomic control responds to maintain a stable body

temperature. The important point here is that the brain

does not consciously intervene; the body reacts auto-

matically.

Likewise, in an organiza tion there should be an

autonomic system which responds to environmental changes

(within set lim its) without interference from Systems 4

and 5. However , there will be times when Systems 4 and

5 must be called upon. A person will flee a burning build—

ing to survive. This is a System 5 function. Changes to

the financial env ironmen t such as increased taxes may
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“force ” an organization to relocate (f lee) ; a System 5

function .

A ma:~agement cybernetic model can be used to repre-

sent any viable system. Figure 5 presents a corporate

organization which is described below.

System 1

In Figure 5 the circles represent operating divi-

sions of the corporation . These d ivisions produce an out-

put or perform some service. In an indust r ia l  organiza-

tion , a division represents manufac tur ing , marketing ,

eng ineering , etc. In a mili tary organiza tion such as an

Air Logistics Center , the divisions could represent the

Director ates of Maintenance , Procurement, Materiel Manage-

ment , etc. The Divisions , Divisional Directorates , and

Div isional Regulatory Cen ters comprise System 1 . Figure

6, Opera ting Division Diagram , illustrates a System 1 in

isolation . The elements of the division diagram are: (1)

operations (Operating Divisions), (2) management of the

operations (Divisional Directorate) , (3) management systems

which organize information in consideration of the purpose

of the operating division , and (4) the externa l environ-

ment ( 14 : 5 ) .

The arrows in Figure 6 indicate information flow.

Sensors at the end of each arrow sense and transduce the
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data into meaningful  information . For example , opera tions

need not know everything that is out in the environment,

~~t 
f - t  mus t  know a i~ tha t  matters. Likewise, managemen t

does not need to know all the data generated by opera tions,

but i t  m u s t  know what  ma t t e r s . Obtaining information ,

as opposed to raw da ta, requires filtration as shown in

Figure 6. Amplification allows effective communication of

information from management to operations , and from opera-

tions to the environment.

The operating division (System 1) has several

important characteristics. The division :

1. Comprises ooerations or functions and their

management.

2.  Relates to an external environment.

3. Has a purpose and a structure to achieve its

purpose.

4 . Is largely self—regulating .

5. Is controlled through information flow relating

to its purpose.

6. Provides information through a system of mea—

sures (14:8).

The Cybernetic Management System (Fi gure 5) shows

that operations are run by management via the divisional

regulatory center (management systems). The division is

essentially autonomous, however , there is one limitation

to this autonomy ; the division continues to be part of
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the overall corporation . This limitation poses three

management con straints:

1. It must operate wi thin the intentions (purpose)
of the entire corporation.

2. It must submit itself to the coordinating frame-
work of System 2.

3. It must submit to the autonomic control of
System 3 and the vol itional con trol of the Cor por ate
Management (Systems 5 and 4).

All these constraints ensure the survival of the
corporate body [ 7 : 2 0 1— 2 0 5 ] .

System 2

System 2 can be explained simp ly as a metasystem

subsuming all of Systems 1. It is an elaborate interface

between the Systems 1 and System 3. Its purpose is to

provide the means of con troll ing osc illation s between the

divisions (7:220—224) . As stated , the Systems 1 divisions

are essentially autonomous; each having different goals and

each competing for the corpor ation ’s limited resources.

The smooth operation of the corporation depends to a large

extent on effective interdivisional communications. This

coordination is accomplished via System 2, the Corporate

Regulatory Center.

Figure 5 can be used to illustrate how coordina tion

is accomplished among the divisions . Assume a corporation

is comprised of four operating divisions . Assume also that

the output of Divis ion A forms part  of the input  to Divi-

sions B , C and D. Obviously,  a prod uct ion breakdown in

Division A would have consequences for the other divisions.
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The output data from Division A goes directly to System 2

and simul taneously to all the other d iv isions v ia the

routine communication channel. The managers of Divisions

B, C, and D can take immed iate action to counteract the

problem in accordance with their evaluation of its

severity.

Another important funct ion of System 2 is the trans-

mittal of information to System 3 management . In this

example , if the problem were perceived as severe enough

to require informing higher level management , that informa-

tion would be immediately passed on to System 3.

System 3

System 3, the Operations Directorate , the highest

level of autonomic management, is designed to control the

stability of the internal environment of the corporation.

However , System 3 is also the lowest level of corporate

management (see Figure 5).

Homeostatic Management. The self-regulatory sector

of the corporate model is mad e up of Systems 1, 2, and 3.

There are two dispara te homeo static systems within  this

autonomic sector : sympathetic and parasympathetic.

The routine information channel on the right-hand

side of the management cybernetic model (Figure 5) is

similar to the sympathetic nervous system in the human

body. I ts  purpose is to handle rout ine i n f o r m a t i o n  through
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the corporate regulatory center ( 7 : 1 3 6 ) .  On the left-hand

side of the model is another informa tion channe l leading

to System 3. Christopher referred to this as the special

communications channel (14:9). It is similar to the para-

sympathetic nervous system in the human body . Its purpose

is to provide informa tion needed for special pur poses, or

to deal with special problems or opportunities (14:20-21).

System 3 uses these two channels to obtain a balanced ma ss

response which provides a general homeostasis (7:144-145).

The following example illustrates this behavior .

Consider a hypothetical corporation and assume that

the Board of Directors (System 5) formul ates a plan calling

for a new all—out corporation effort. This plan is directed

through Systems 4 and 3 and down the command axis to the

operating divisions. As long as the required effort is

wi thin the capabilities of the opera ting divisions ,

System 2 merely f ine  tunes the coord ina tion requir ed

between the divisions, while System 3 monitors the process.

The information output of the divisions is processed

through the routine communications channel (the sympathetic

system) to System 3. Suppose, however , the e f fo r t requ ired

to implement the plan is such tha t it strains the opera ting

divisions . System 2 tries to balance the demands from the

operating divisions but oscillations occur. Division A

tries to adjust to Division B’ s breakdown , but Division C

cannot keep from being affected and further exacerbates
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the oscillations. System 2 cannot intercept the information

flowing between the divisions ; it can only monitor them .

The information about this dysfunct ional  behavior is now

being transmitted to System 3 by the special communications

channel (the parasympathetic system). It is now System 3’s

function to evaluate the information it is receiving from

the right— and left-hand ioops to produce an overall

internal stability (7:169).

Corporate Management. System 3 also serves as the

lowest level of corporate management . In this capacity

- I it implements directions passed down the command axis from

Systems 5 and 4 .

System 4

System 4 , the Development Directorate (see Figur e

5), lies in the ver tical command axis between Systems 5

and 3. System 4 can be viewed as performing a staff func—

tion. Beer viewed System 4 as a linking mechanism or a

switch between the volitional control of System 5 and the

autonomic control of System 3 (7:173).

System 4 provides the framework and criteria used

by the autonomic system in its attempt to maintain internal

equilibrium and to optimize performance (7:233-241).

Christopher listed some of the functions of System

4 a s :
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1. Monitoring the external environment.
2. Developing purpose .
3. Conducting research and development.
4. Planning and managing projects.
5. Designing systems of measure.
6. Monitoring the organizat ional  model.
7. Providing functional expertise [14:8].

The existence of a System 4 in many organization s

may be difficult to visualize. Beer contends that the

System 4 functions must be present if there is a viable

system. “ . . . there is always a System 4 even if it is

not identified in quite the form specified here [7:233]. ”

System 5

System 5 is the highest managerial echelon of an

organization; it is the Board of Directors , the “Brain of

the Firm.” The function of System 5 is to establish both

the purpose of the organization and the structure necessary

to carry out this purpose.

Role Mobility Within the Model

The management cybernetic model contains f ive sub-

systems. It is important to recognize that some indi-

viduals can simultaneously function within several levels

of the system. In the corporate example given , one indi-

vidual could function as: an executive vice—president

responsible for opera tions , a System 3 function ; a member

of the Boar d of Directors , a System 5 function ; and head

of a corpora te project, a System 4 function . It is
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important that the role an individual assumes within the

different systems be recognized at all times; if there

is a blurring of roles , a distortion of the decision—making

process can result in poor decisions (14:10).

Communication Channels Within tue Model

Information flow through the five subsystems enables

the organ iza tion to make “good ” decisions; that is, deci-

sions that achieve the required purpose. Figure 5 shows

the three communication channels that link the five sys-

terns.

The Routine Communication Channel

The rout ine channe l connects a l l  Systems 1 to

System 3 through the operations coordinating center .

Problems that develop in any of the operating divisions

are immediately known by all other divisions and necessary

adjustments can then be made (14:19-20).

The Command Communication Channel

The command channel carries upward , information

which is not required for routine operations, and informs

higher level management whether or not the divisions are

operating within prescribed limits. If divisions are

operating smoothly, all that travels upwards is information

indicating “I’m OK.” The command channel also handles

information flowing downward to the operatinq divisions
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from hi gher level management . Such information must be in

the form of directions, policy or structural changes which

the corporate management feels  is necessary to carry out

the purpose of the organization (14:20).

The Special Communication Channel

The special channel carries all nonroutine informa-

tion needed for special purposes or problems. The need for

this information to insure the homeostatic balancing of

the autonomic control system was previously discussed.

Typically, special communications are audit reports , tech-

nical seminars , and consultant reviews. In the Air Force ,

Inspector General reports would be an example of informa-

tion processed through the special communications channel

(14 :20— 21) .

Management Informat ion Systems:
Criteria for Performance

The dynamics of the entire system depend on the

speed and accuracy of information flowing through the com-

munication channels. Of particular importance is the flow

of performance in formation emanating from the operating

divisions. If the autonomic system is to provide the rieces-

sary control , it must have immediate information regarding

the performance of the operating divisions.

The informa tion system is crucia l , for it contains

information on which decisions are based and which drives the
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entire decision-making process of the system . Inst i tut ional
- 

- instability occurs when the autonomic controls (System 3)

either do not have the needed information to make decisions

leading to stability , or the informa tion is too late to

be useful because new perturbations within the system have

already occurred (10:1—17).

Ef fec t ive  management information systems wil l  focus

on the timely transmission of a few key performance mea-

sures. Christopher introduced a limited methodology for

the development of measures of performance (13). He found

that there are a few key performance areas such as market

position , profitability , and productivity which provide

objectives that guide the a f f a i r s  of the o rgan iza t ion .

Measures of progress toward the achievement of
these objectives provide the control for management to
lead the total i n f in i t e ly  complex en terpr i se  to the
achievement of its purpose [13:2]

The simplification offered by the key performance

objectives makes e f fec t ive  management possible by wha t

cyberneticians call the attenuation of variety (10:18—34).

Beer also viewed the area of performance measures

as crucial . He provided a system of performance measures

utilizing indices , ratios or pure numbers. The creation of

these measures required the defining of three levels of

capaci ty .

1. Actua l i ty——Wha t can be accomplished wi th  ex i s t—
ing resources , under ex is t ing  cons t ra in ts .
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2. Capabi l i ty-—What  can be accomplished wi th
existing resources , under existing constraints if
efficiency were 100%.

3. Potentiality--What ought to be accomp lished
by developing resources and removing constraints ,
while operating within the bound s of known feasibility
[7:207]

These three levels of capacity were then used to

form two ratios:

1. Productivity—-The rat io of ac tua l i ty  and
capabil i t y .

2. Latency--The ratio of capabi l i ty  and poten-
tiality [7:208]

Performanc e , a pur2 number , is the produc t of

latency and p roduc t iv i ty  or the ra t io  of a c tua l i t y  and

po ten t ia l i ty .  Beer confessed tha t

al though the absolu te  values of the produc-
t ivi ty and latency ind ices provide only approximate
assessmen ts , mov ement s of these indices over t ime
provide the information that we rea .ly need [‘ :210—
212].

The computer processing of these indices , as

measures of the performance of the operat ing d i v i s i o n s, can

be easily accomplished . Furthermore , there is no possi-

bility of misinterpretation of such performance measures.

A few indices of performance is all that management would

need to guide most of the affairs of the organization.

Recurs ion W i t h i n  the Model

An important characteristic of the cybernetic model

is i ts  recursiveness. Recursion implies  a system w i t h i n  a

system . “If  a viable system con’ t i n s  a viable  system , the n

the organiza t iona l s t ructure  must  be recursive [ 7 : 2 8 7 ] . ”

67

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - —-~~~~~~~~~~~~~~~~
—

~
—-------

~~ 
- -

~~~~~~~~ -~~~~---~~~~~-- — - - -  —~~--~



~~~~~ - -
‘ - - - - - -- - —- — -- --~------ - --~~------ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

This recursion allows each operat ing divis ion to

be considered as an ent i re  system having f i ve  subsystems

and three communicat ion channels.  In Fi gure 5 , the enti r e

model is reproduced in each of the circles represent ing

the operating divisions . Divisional management , which is

System 1 in the corporate model , would now represent

System 5 in the divisional model . This recursive feature

can be extended upwards or downward s in any organization .

“It is this recursive characteristic which makes this model

representative of any organizat ion [ 7 : 2 0 0 ]  . “
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CHAPTER IV

THE ENGINE SYSTEM : A t1ANAGEMENT
CYBERNET IC MODEL

The purpose of this chapter is to map the exist-

ing eng ine system onto a manageme nt cybernet ic  model .  This

mapping process entails ident ifying and positioning on the

model the individual , group, committee or system that per-

forms each of the requisite functions of the cybernetic

model. The following chapter will then use this model as

a diagnostic instrument for identifying organizational or

s t ruc tura l  problem areas wi th in  the eng ine system .

As introduced in the previous chapter , the manage-

ment cybernetic model is composed of five levels ~~r sys-

tems. These five systems are recursive ; that is , a system

within a system . The concept of recursion is illustrated

in Figure 7, a Recursive Model. At the upper-right is an

organ iza t ion  called “Air  Force , ” which is r e p r e s e n t a t i v e

of the USAF at the highest level of recursion. Within the

organiz at ion , the Secretary -of the Air Force would repre-

sent System 5 while System 1, the operating divisions ,

would be represented by the ‘lajor Air Force Commands. At

one leve l of recursion below the Air Force organization

would be the major commands.  System 5 would now he the

Commanders of these major command s and System 1 would be
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the f ly ing organizat ions or wings. The model could be

extended down another level so that the Wing Commander

would now be a System 5 and the Deputy Commanders for

Operations and MaIntenance would be part of the System 1.

For the purpose of this research , the engine system

is divided into three sectors: acquisition , support and

acquisition logistics. The se three sectors have been

investigated through the appropriate number of recursions

needed to present a general overview of how the United

States Air Force buys and man ages its j e t  engines .

The Acquisition Sector

Acquisition Level 1

The acquisition sector of the engine system

requires four levels of recursion to achieve a generalized

understanding . At the lowest level , Figure 8, the Joint

Engine Program Offices (JEPO) function as the System 1

operating divisions. Three of the existing JEPOs are the

TF34, Fl00 and Fl07.

The System 2 activities are princ ipally directed

at providing System 3 with information . There appears to

be little need for one operating division to know how the

others are performing , thus each JEPO tends to act with a

great deal of autonomy. The information network is com-

posed of briefings , meetings and periodic reports.
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The con trol of the engine offices is the jurisdic-

tion of the Assistant Deputy for Propulsion , who Eunc tions

as a System 4, as well as a System 3. The System 5 func-

tions are performed by the Deputy for Propulsion (ASD/YZ).

Figure 8, Acquisition Level 1, illustrates this

level of recursion . While the illustration connotes clearly

defined systems within the organization , this investigation

found that in this particular level of recursion and in

many others , the fun ctions of top level management (Systems

5, 4, and 3) appear to be composed of an a lmost continuous

interaction between the Director , his deputy and the staff.

Acqu isition Level 2

The next higher level (see Figure 9), shows the

Deputy for Propulsion (ASD/YZ ) functioning as a System 1

operating division . Other operating divisions would be the

major System Program Offices; F—l5 , F— 16, and A-b .

At this level of recursion , there is considerable

interaction between the SPOs and the Deputy for Propulsion.

Under the present concept of engine procurement , ASD/YZ is

the focal point for all propulsion development and procure-

ment. There must be constant communica tion between ASD/YZ

and the SPOs to assess the trade—offs required between air-

frame and engine modifications.

System 2 consists mainl y of formal reports between

the SPOs and ASD/YZ, as well as sta f f  meetings, ad hoc
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and formal committees, and informal  discussions. There is,

however , no definitized reporting system at this level.

Systems 3 and 4 functions are performed under the

direction of the Vice Commander , ASD and the ASD staff.

The Commander of ASD (ASD/CC) performs the System 5 func-

tions.

Acquisition Level 3

The third level of recursion is shown in Figure 10.

ASD, the Electronics Systems Division (ESD), and the Space

and Missiles Systems Organization (SAMSO), constitute the

System 1 operating divisions. The Aeronautical Systems

Division functions autonomously, communicating minimal

information regarding divisional operations to Air Force

Systems Command. In fact, at the AFSC level there are only

two people who deal with propulsion matters exclusively

(12). However , there are def in i te communication chan nels

between the SPO and the supporting ASD and ESD functions.

System 3 funct ions , at this  level of recursion , are

performed by the Chief of S ta f f , AFSC, in conjunction with

the Deputy Chiefs of the various functional areas. System

4 functions , such as planning , d irecting , and conducting

special pro jects, are handled by the Chief of Sta f f , Air

Force Systems Command (AFSC/CS) and the staff agencies.
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System 5, top level management , resides with the Commander ,

AFSC (AFSC / CC) .

Acquisition Level 4

The final level of recursion , Figure 11, entitled

Acquis i t ion, Suppo rt , and Acquisi t ion Logistics Level 4 ,

includes AFLC, AFSC, and the operating commands func t ion ing

as System 1 operating divisions.  System 3 funct ions , at

this  level of management , ar e the respon sibili ty of the

USAF Chief of Staff in conjunction with the various func-

tional Deputy Chiefs  of S t a f f .

While System 4 functions are the responsibility of

the Special S t a f f , as in the lower levels of recursion ,

some of the System 3 Deputy Chiefs of Staff also perform

System 4 func t ions .

Performing the functions of the top level of manage-

ment , System 5 , at this level of recursion , is the Secre-

tary and Under Secretary of the Air Force.

The System 2 func t ions  and the curious posi t ioning

of the Air Force Acquisition Logistic s Division , within

this highest level of recursion , have been postponed un t i l

AFALD and the acquisition logistics sector are discussed .

The Support Sector

Support Level 1

The support sector of the engine system 3150 con-

sists of fou r  levels of recurs ion .  The lowest level ,

77
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Figure 12, represented in the model presented Is headed

- _ by the Directorate of Material Management (DMM) , wi th in  a

particular Air Logistics Center.

At this level of recursion , the operating division

(System 1) involved with eng ine management is the Propul-

sion Management Division (MMP). The System 2 functions

take the form of periodic reports, staff meetings, ad hoc

committees, and personnel meetings between the Deputy

Director and the managers of the operating divisions.

System 3, the Deputy Director of Materiel Manage-

ment , also performs some of the functions of System 4 ,

such as developing purpose and monitoring the external

environment.  Other System 4 func tions ar e performed by

the operating divisions when dictated by the DMM ; these

include providing functional  expertise , planning and man-

aging specific projects , and designing systems of measure.

The Director of Materiel Management (DM11) functions

as the System 5 at this level of recursion.  Addi t ional ly ,

there is considerable interaction between the Director and

his Deputy; the Deputy Director could func t ion  as a System 5.

Support Leve l 2

The next higher recursion level is shown in Figure

13. At this level , the model represents  as the system , two

of the Air Logistics Centers having propulsion engine
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management responsibility , San Antonio ALC and Oklahoma City

ALC.

Within this level of recursion, the DMM now func-

tions as a System 1 operating division. Again, System 2

functions are not unified and take the form of periodic

reports, staff meeting., ad hoc committees, and personal

meetings between the ALC Commander and the Directors of the

operating divisions.

System 3 is visualized as being controlled by the

ALC Vics Commander, who also performs many of the System 4

function.. The top level of management of the ALC, System

5, ii under the jurisdiction of the ALC Commander. As

indicated previously, there is considerable interaction

between the Vice Commander and the Commander so that the

top three functions tend to blend together.

• Support Level 3

At the third level of recursion within the model ,

AFLC represents the organizational system . This level of

H recursion, Figure 14, has the Air Logistics Centers and

• AFALD functioning as the operating divisions.

System 2 performance measures are gauged in terms

of three levels of achievement : engines not operationally

ready for supply (ENORS), base stock level , and cost (21).

The AFLC Vice Commander, along with the Deputy

Chiefs of Staff (DCS/Loqistics Operations , DCS/Maintenance,
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etc.) are visualized as performing the functions of auto-

nomic control required in System 3 and the long-range plan-

ning functions of System 4.

Some System 3 functions, such as establishing

policies and procedures, and providing resource control,

are performed by the AFLC Directorate of Propulsion Systems

(AFLC/LOP). In addition, AFLC/LOP is part of System 4

planning functions. The Director of Propulsion Logistics

within AFALD (AF ALD/SDD) also performs System 3 and 4

functions; however, AFALD/SDD is concerned with engines

still under development within ASD. The functional rela-

tionship between AFALD/SDD and AFLC/LOP is not clearly

defined at the present time (21; 22).

System 5 at this level of recursion is the responsi-

bility of the AF LC Commander.

Support Level 4

The last recursion level, which has AFLC function-

ing as an operating division , has already been discussed

during the mapping of Acquisition Level 4 and illustrated

in Figure 1.1.

The Acquisition Logistics Sector

Acquisition Logistics Level 1

To complete the mapping of the engine system ,

the Air Force Acquisition Logistics Division is represented

by four levels of recursion. At th. lowest level , as shown
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in Figure 15, the Directorate of Propulsion Logistics

• (AFALD/SDD), functions as a System 1 operating division.1

Other operating divisions are the Directorate of System

Programs (AFALD/SDM) , and the Deputy Program Managers for

Logistics (DPML~~, who are co—located within ASD , ESD and

SAMSO .

The System 2 functions at this level are much the

• same as the other System 2 functions previously described.

These functions take the form of periodic reports, staff

meetings, and informal discussions. The System 3 and 4

functions are the responsibility of the Assistant Deputy

for Acquisition Programs and his staff. The Deputy for

Acquisition Programs (AFALD/SD) performs the top level

management functions, System 5.

Acquisition Logistics Level 2

The highest level wi thin ASPALD is shown in Figure

16. At thi s level, AFALD/SD functions as one of the

System 1 operating divisions. Among the other operating

• divisions are the Deputy for Acquisition plans and Analysis

(AFALD/XR) and the Deputy for Readiness Development (AF ALD/

AQ) .

The System 2 structure is similar to the System 2

of the Acquisition Logistics Level 1. Corporate level man-

agement , Systems 3 , 4 , and 5 are presently being shared by

1AFALD/SDD is co-located with ASD; within ASD its
office symbol is ASD/YZL.

L _
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the AFALD Commander, Vice Commander , Assistant to the

Commander , Chief of Staff, and Assistant for Technical

Support.

Acquisition Logistics Level 3

The third level of Acquisition Logistics has

already been described in the section devoted to Support

Level 3, Figure 14.

Acquisition Logistics Level 4

One of the more difficult tasks in the mapping

of the engine system has been the proper placement of

AFALD. As indicated in Figure 13, AFALD is a System 1

operating division, comparable to the San Antonio and

Oklahoma City ALCS. Nevertheless, the mapping of the

existing engine system, as seen by the authors, dictates

• that AFALD be seen as a System 2 function at the highest

recursion level. See Figure 11.

The mapping of APALD into a System 2 was required

• because AFALD is chartered as a personified management

information system. Recall that System 2 is an interface

between Systems 1 and 3, as well as between the operating

divisions. The AFALD charter states that it is

“Filling a void between the ‘designers’ (Air Force Systems

Command), the ‘users ’ (Air Force Operational Commands) and

• the major ‘maintainers’ (Air Force Logistics Command t3:2].”
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This appear s to be an excellent charter for a System 2

• organization .

The Engine System

The f inal step in mapping any system can be thought

of as linking the particular sectors representing the van -

- • ous levels of recursion into one N~~~cro system W This

system is illustrated in Figure 17, A Recursive Model of

the Engine Acquisition and Support Management System.

Summary

The preceding analysis represents the authors ’

mapping of the existing engine system onto a cybernetically

• designed management model. Isolation of specific functions,

or what the model refers to as systems, was often difficult

to achieve. Systems 3, 4, and 5, representing corporate

level management, were neither well defined , nor clearly

separated functions. Additionally , the authors found

System 2 to be particularly undefined , especially within

the higher recursion levels.

A final problem encountered in using the management

• cybernetic model, as opposed to a more orthodox organiza-

tional relationship model, was learning to overcome the

tendency to fix one ’s attention on formal, instead of

funct ional  relationships.

The cybernetic model focuses on identifying those

functions which are required of any viable orgi~nization,
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1
• whereas , a more conventional approach is primarily con-

cerned with formal relati onships within an organizational

structure. AFALD is a good example of this difference.

Wttile the organizational charts show AFALD as an operating

division of AFLC, AFALD is performing an interface function

at the next higher recursion level. “Systems ought not

to be considered in their appearance s, but in their formal

A structures as information networks operating as sets of

decision functions (8:24) .“
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CHA PTER V

CONCLUSIONS AND RECOMMENDATIONS

This f i n a l  chapter is divided into three sections.

The first section is devoted to an analysis of the engine

system based on the mapping of the system in Chapter IV.

In the second section , the resul ts of the analysis are used

to answer the research questions posed in the f i r st chapter

of this study . Finally, the last section presents recoin—

• mendations on the restructuring of the engine system based

on the principles of the management cybernetic model .

An Analysis of the Eng ine System

The mapping of the engine system in Chapter IV

revealed three major problem areas: (1) a fractionalized

System 3 at the highest recursion levels , (2) an inadequate

System 2 at all levels of recursion , and (3) an apparent

inappropriate placement of the Air Force Acquisition

Logistics Division wi thin the Air Force or ganiza tional

structure. Each of these problem areas is discussed

separa tely

Fractionalized System 3 at the
Highest Recursion Levels

The fractionalization of System 3 occurs at the

highest recursion levels of the acquisition and support
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sectors (see Figure 10 and 14). It is, however , at the

Headquarters USAF level of recursion that this fractionali-

zation of System 3 is most critical. At this level the

purpose of the engine system should be established and

transmitted to the operating divisions, AFLC, AFSC, and

the operating commands (see Figure 11). This purpose,

• established by Headquarters USAF , then becomes the basis

on which the operating divisions structure their organiza-

tions. The organizational structures must be consistent

and in support of this established purpose.

Figure 11 shows that the System 3 functions are

being performed by the collective action of a consortium

of Deputy Chiefs of Staff , each having an area of func-

tional responsibility; i.e., Research and Development,

Systems and Logistics, etc. These Deputy Chiefs of Staff

have established their own routine and command communica-

tion channels with their corresponding functional areas at

the lower recursion levels. This creates multiple communi-

cation channels and is, therefore, a violation of the man—

agemen t cybernetic model . The model dictates that System 3

be a single focal point for controlling the operating

divisions.

The control of a large, complex organization such

as the engine system is difficult. The problem is a general
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one of controlling the variety1 generated by any large ,

complex system as descr ibed in Chapter I This problem

was addressed by Ashby in An Introduction to Cybernetics

(6). His answer to the problem was the concept of

“requisite variety ” (6:207). Beer , who also addressed this

problem of variety, believed that there is a variety equa-

tion which must be in balance. This equation requires that

the variety of a system be balanced by the variety of its

controller (10:18-34). This concept of balancing is the

same as Ashby ’s requisite variety .

Imbalances are resolved in one of two ways. Fither

the system ’s variety is attenuated , or the con troll er ’s

variety is amplified . The operating divisions are organized

by functional or departmental areas, an attenua tion process.

Or , corporate level management creates functional manage-

ment offices corresponding to the operating divisions , an

amplification process. A common practice by orqanizations

is to use a combination of attenuation and amplification

(10:18-34).

The amplification process , of crea ting func tional

specialists within corporate level management , r esults in

fractionalized control within System 3. Beer contended

that the answer to the problem lies in the proper use of the

computer , the only tool which can assist management in

1Varie ty is the scientific term for comp lexity; the
variety of a system is its number of distinguishable states
(9:251)
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providing requisite variety without fractionalization (10:

18—34). With the computer in the variety equation , the

issue becomes a technical problem of developing an effective

management information system , a System 2 function which is

the next problem area discussed .

An Inadeq~uate System 2

The information system (System 2) is the key to

controlling the dynamics of an entire organization .

Inform ation (for exampl e , quan ti f ic ation of performance )

is th e  basis for decision s, and, consequently, it drives

the entire system ( 7 : 2 0 6 ) .

The authors ’ research revealed that the management

information system was the least adequate of all f ive sys-

tems required by the model . ~ n the ~~~j~~~:.’ ~ste~ ~~~~~

no Sy~ ter’t 2 as ~n~’iaio’i~ d by the ~ana~7.Jmen~ ~~ ‘~~~ e t c  ~~~ ‘

~zt any ~eoursicn evel. The model requires that perform-

ance information be simultaneously available to the

operating divisions and the System 3 controlling agency .

Performance information in the engine system is in the form

of periodic reports, staff meetings, written correspondence,

informal meetings , etc. However, much of this information

is out of date and subject to misinterpretation . In many

cases there is little , if any , information f1~,w between

the operating divisions. The existing information systems

clearly do not conform to the requirements of the model.
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If the existing management information systems

are inadequate , what then is required? Beer visualized an

effective management information system as a computer

network connecting the operating divisions and the con-

trolling System 3 (7:159). Such a system can be readily

developed with existing technology . The key to such a

system is not to choke it with data, but to supply it with

information.

It is important to realize the distinction between
data and information. Data are facts collected from
observation or measurements. Information is the mean-
ingful interpretation and correlation of data that
allows one to make decisions (25:3] .

Christopher in “Achievement Reporting-—Controlling

Performance Against Objectives” provided an excellent dis-

cussion on this subject. He stated ,

Control is the process of information flow tha t
guides action to achieve purpose. . . . Control

• decisions are not so much imposed from higher management
but more the result of information flow . . . . (13:14]

A System 2 management information system , as

required by the cybernetic model, can be achieved by

developing an appropriate computer software package. This

software package would incorporate the concepts of per-

formance indices (7:206—212) and achievement reporting

(13:14—24).

Inappropriate Placement of APALD

As stated earlier , one of the most difficult tasks

in mapping the engine system onto the cybernetic model was
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the correct placement of AFALD . AFALD ’s function is to

fill a void between APLC, AFSC and the operating commands;

this is clearly a System 2 function within the highest

recursion level. However , APALD is a System 1 ~perating

division within AFLC.

• This disparity between the functional role of

AFALD and its placement within the AFLC organizational

structure has created conflict. As an example, the

Directorate of Propulsion Systems (AFLC/LOP ) views the

Directorate of Propulsion Logistics (AFALD/SDD) as a

System 1 operating division , similar to an Air Logistics

Center, to which it dictates propulsion management policy.

However, the functions of AFALD/SDD are not the same as a

System 1, but rather that of a System 2. Furthermore,

AFALD/SDD views itself as a policy-making office (a System

4 function) on new engines, similar to AFLC/LOP’s role on

engines which have gone through PMRT.

The observed conflicts can be resolved by the

management cybernetic model. AFALD , since it is performing

a System 2 function of the highest recursion level , should

be an Air Staff organization. In this placement, APAL D

would be performing an interface function between APSC,

AFLC , and the using commands in conformance with its

charter as an arm of the Air Staff.
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Answers to Research Questions

The primary PMR recommendation , the establishment

of an Air Staff organization accountable for propulsion

.ngin.s, provided the basis for this research effor t .

Sp cifically, th. research was aimed at answering the follow-

• 

. 

ing questions:

1. Would the establishment of corporate level man-

agement resolve fundamental problems identified within the

existing system?

2. If such an organization is to be established ,

what should be its scope and responsibilities?

The analysis in the previous section illustrated the

deficiencies of the engine system. One of these deficien-

cies was the fractionalized System 3 at the highest level

• of recursion. The principal PMR recommendation was inter-

preted by the authors to mean the establishment of a

separate Deputy Chie f of Staff for Propulsion. However,

a separate DCS/Propulsion would , in fact, add to the

fractionalization which has already been identified as a

major problem.

This recommendation , if implemented , would be

another example of trying to provide requisite variety by

amplification of control through the creation of func-

tional specialists, a technique previously discussed and

shown to be inefficient. The most efficient answer to the
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problem of providing requisite variety is an effective man-

• agement information system.

Since the establishment of a separate DCS/Propulsion

is not consistent with the requirements of the management

cybernetic model, this research concludes that it would not

resolve the fundamental problems of the engine system.

The second research question was predicated on a

positive answer to the first question. The negative

answer makes the second question moot.

Recommendations

Based on the principles of the management cybernetic

model , the following recommendations are presented :

1. The creation of a System 2 management informa-

tion system as envisioned by the model. This will require

research to:

a. determine the aggregated measures of per-

formance at the operating divisions within each recursion

level.

b. determine the computer software require-

ments to process the performance measures.

2. The establishment of AFALD as an Air Staff

organization to enable it to carry out its charter of

filling the void between the “designers” Q~FSC1, the

• “users” (operating commands), and the “maintainers” (AFLC).

t
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3. The creation of a unified System 3, at the

highest level of recursion , to be responsthle for the con-

trol of the acquisition , support and operating functions.

Figure 18, a Conceptual Model, illustrates an organizational

structure incorporating a unified System 3.

I’
’
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TABLE 1

MAJOR ENGINE STUDIES (29:1—1)

Chandler—Snavely Report: Management of Engineering Changes
During Acquisition, January 1970

A.RINC: A Stud y of the Aircraft Jet Engine Maintenance Pro-
gram, May 1970

JLC Panel: A Study of the Aircraft Engine Acquisition Pro-
cess, February 1971

1241 Study: Methods of Acquiring and Maintaining Aircraft
Engines, June 1972

GAO Report: Problems in Managing the Development of Air-
craft Engines, June 1973

USAF SAB Report: Ad Hoc Committee on Engine Development,
August 1973

NASA Report: Economic Effects of Propulsion System Tech-
nology, July 1974
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TABLE 2

RAND ENGINE ST~JDIES (29:1-2)

Policy Considerations in the Life-Cycle Process of Aircraft• Turbine Engines: A Progress Briefing, November
1975

Performance/Schedule/Cost Trade—Off s and Risk Ana lysis for
the Acquisition of Aircraft Turbine Engines:
Applications of R—1288-PR Methodology, June 1975

- • Estimating LCC: A Case Study of A-7D, February 1975

A Weapon-System Life-Cycle Overview: The A-7D Experience,
October 1974

Relating Technology to Acquisition Costs: Aircraft Tur-
bine Engines, March 1974

Technological Change Through Product Improvement in Air-
craft Turbine Engines, May 1973

Measuring Technological Change: Aircraft Turbine Engines,
June 1972

Estimating Aircraft Turbine Engine Costs, September 1970

A Critique of Turbine Engine Development Policy, April 1970

Aircraft Turbine Engines——Development and Procurement Cost,
November 1965

The Impact of the High Development Cost of Advanced Flight
Propulsion Systems on Development Policy, October
1965
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